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ABSTRACT
We have carried out a multi-wavelength study of the infrared dust bubble N6 to extensively investigate the
molecular environs and star-forming activities therein. Mapping observations in 12CO J = 1 − 0 and 13CO
J = 1 − 0 performed with the Purple Mountain Observatory 13.7-m telescope have revealed four velocity
components. Comparison between distributions of each component and the infrared emission suggests that
three components are correlated with N6. There are ten molecular clumps detected. Among them, five have
reliable detection in both 12CO and 13CO and have similar LTE and non-LTE masses ranging from 200 to
higher than 5,000 M⊙. With larger gas masses than virial masses, these five clumps are gravitationally unstable
and have potential to collapse to form new stars. The other five clumps are only reliably detected in 12CO
and have relatively small masses. Five clumps are located on the border of the ring structure and four of them
are elongated along the shell. This is well in agreement with the collect and collapse scenario. The detected
velocity gradient reveals that the ring structure is still under expansion due to stellar winds from the exciting
star(s). Furthermore, 99 young stellar objects have been identified based on their infrared colors. A group
of YSOs reside inside the ring, indicating active star formation in N6. Although no confirmative features of
triggered star formation detected, the bubble and the enclosed H ii region have profoundly reconstructed the
natal could and altered the dynamics therein.
Subject headings: H ii regions – ISM: bubbles – ISM: clouds – stars: early-type – stars: formation – radio lines:
ISM
1. INTRODUCTION
In spite of the relatively small number, massive stars are
dominant contributors to ionizing photons and heavy elements
in galaxies. Formed mainly in clusters (Lada & Lada 2003),
massive stars play a crucial role in the evolution of molecu-
lar clouds and star formation therein. In the course of for-
mation and evolution of massive stars, ultraviolet (UV) radi-
ations, intense stellar winds, and supernovae can reconstruct
the surrounding interstellar medium to trigger or hinder the
formation of new generation of stars.
In recent years, influences of hot stars on their natal clouds
have been more and more tested in bubbles. The successful
Spitzer observations have revealed the bubbling Galactic disk
of the Milky Way. Based on the GLIPMSE (Benjamin et al.
2003; Churchwell et al. 2009) and MIPSGAL (Carey et al.
2009) survey data, the first large catalog of about 600
infrared dust bubbles were identified by Churchwell et al.
(2006, 2007). These bubbles show ring structures with bright
8.0 µm emission. Enclosed by 8.0 µm shells, extended 24
µm emissions are generally confined to the inside of bubbles.
Churchwell et al. (2006) proposed that these bubbles are pri-
marily induced by hot young stars in massive star-forming
regions. In an attempt to determine the nature of the bub-
bles detected by Spitzer, Deharveng et al. (2010) carried out
an extensive study of 102 bubbles selected from the catalog of
Churchwell et al. (2006) with MAGPIS (Helfand et al. 2006)
20 cm radio continuum data. They found that 86% of the 102
bubbles contain ionized gas detected at 20 cm. The Milky
Way Project, a citizen science initiative with more than 35,000
volunteers involved, has increased the number of known bub-
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bles to more than 5,000 (Simpson et al. 2012).
Thompson et al. (2012) found a statistically significant
overdensity of massive young stellar objects (MYSOs) on
borders of bubbles and speculated that triggered star forma-
tion plays an important role in the birth of massive stars in the
Milky Way. And this tentative conclusion was further sup-
ported by the work of Kendrew et al. (2012).
Multi-wavelength studies have, in detail, revealed mor-
phologies and star-forming activities in individual bubbles.
Given the ability of providing velocity information, molec-
ular lines are frequently observed to trace neutral mate-
rial associated with bubbles (e.g., in Beaumont & Williams
2010; Zhang & Wang 2012; Sherman 2012; Ji et al. 2012).
YSOs identified from cataloged point sources are used to
investigate star-forming activities. Based on distributions
of these YSOs and molecular structures, many investigators
have claimed detections of triggered star formation in partic-
ularly studied bubbles (e.g., Kang et al. 2009; Bik et al. 2010;
Dewangan et al. 2012; Ji et al. 2012; Zhang & Wang 2013).
However, most of these well studied bubbles are relatively
small ones. The kinematics and star formation properties of
large bubbles with radii > 5′ have rarely been extensively in-
vestigated. It remains unclear whether these large bubbles are
still under expansion, whether they can be regions of active
star formation.
In order to tentatively address these questions, we have
selected a large infrared dust bubble (N6) from the catalog
of Churchwell et al. (2006) to carry out a multi-wavelength
study. Bubble N6 is located in the constellation of Sagit-
tarius with Galactic coordinates of l = 12◦.512 and b =
−0◦.609. This bubble has an average radius of 5.83 arcmin
(Churchwell et al. 2006), which corresponds to a physical di-
ameter of about 11 pc at a distance of 3.5 kpc (see Section
2 Yuan et al.
3.1.2). Deharveng et al. (2010) proposed that N6 is composed
of two different structures: an open bubble in the northeast,
and a filamentary ionization front in the southwest. In the in-
terspace between these two structures, a bipolar system has
been reported by Yuan et al. (2012). On the basis of observa-
tional analysis, Yuan et al. (2012) posited that it would be a
bipolar outflow driven by a massive protostar. However, the
physical status and the dynamic properties of the bubble N6
as a whole is still unclear.
In this paper, we present observations of N6 in transitions
of 12CO J = 1−0 and 13CO J = 1−0. Kinematics and molec-
ular conditions are discussed in depth. With complementary
survey data, we have revealed star-forming activities in this
region. This paper is arranged as follows. We present a de-
scription of the observations and survey data in Section 2, the
results and some preliminary analysis in Section 3. In Section
4, we try to comprehensively discuss the data. We summarize
our findings from this work in Section 5.
2. OBSERVATIONS AND DATA ACQUISITION
2.1. Molecular observations
Observations of the infrared dust bubble N6 in J = 1 −
0 transitions of 12CO (115.272 GHz) and 13CO (110.201
GHz) ware carried out with the Purple Mountain Observatory
(PMO) 13.7-m telescope on June 29th 2012. The on-the-fly
(OTF) mode was used to map a 21′ × 25′ region with a ref-
erence point at α2000 = 18h14m39s.3, δ2000 = −18◦24′42′′.9.
The half power beam width (HPBW) of the PMO 13.7 m-
telescope was about 52′′ at both 115 GHz and 110 GHz. The
pointing and tracking accuracies were determined to be better
than 5′′ by scanning planets (e.g., Jupiter and Venus).
An SIS receiver (Shan et al. 2012) with 9 beams was used
to perform the observations. The maim beam efficiency at the
center of the 3 × 3 array is about 0.44 at 115 GHz and 0.48
at 110 GHz. The efficiency of the outlying beams is slightly
lower than that of the central one. The correction of beam effi-
ciencies was performed during the observations. Mixers with
local oscillators working at about 112.6 GHz make it possible
for the 9 beams to receive signals from both lines simultane-
ously with 12CO J = 1 − 0 and 13CO J = 1 − 0 located in
the upper sideband (USB) and lower sideband (LSB) with a 5
GHz separation. Each sideband has a width of 1 GHz. Eigh-
teen fast Fourier transform spectrometers (FFTS) were used
to digitize the signals and allocate 1 GHz to 16384 channels.
This resulted in a spectral resolution of 61 kHz, correspond-
ing to velocity resolutions of 0.16 km s−1 and 0.17 km s−1 at
115 GHz and 110 GHz, respectively. For the calibration of
the intensity, the chopper-wheel method (Ulich & Haas 1976)
was used.
The cloudy weather condition during our observations led
to system temperatures high to about 550 K and 350 K at 115
GHz and 110 GHz. This resulted in rms noises of 1.7 K and
1.2 K in the brightness temperature for 12CO J = 1 − 0 and
13CO J = 1 − 0. Such high noise would make relatively weak
signals undetectable. Nevertheless, regions with strong line
emission can be validly probed. The velocity information pro-
vided by these data convincingly reveal the kinematics of the
bubble and molecular conditions in some subregions.
The data were reduced and visualized with the CLASS and
GREG programs of the GILDAS package (Pety 2005). Base-
lines were fitted with one order polynomial and removed for
each line.
2.2. Survey Data
Public survey data at wavelengths ranging from infrared to
centimeter were retrieved from GLIMPSE, MIPSGAL, and
MAGPIS surveys.
GLIMPSE (Galactic Legacy Infared Mid-Plane Survey Ex-
traodinaire, Benjamin et al. 2003; Churchwell et al. 2009) is
a Space Infrared Telescope Facility (SIRTF) Legacy Science
Program carried out using the InfraRed Array Camera (IRAC,
Fazio et al. 2004) onboard the Spitzer Space Telescope (SST)
(Werner et al. 2004). The four wavebands of this instrument
are centered at 3.6, 4.5, 5.8 and 8.0 µm with spatial resolu-
tions ranging from 1.6′′ to 1.9′′. GLIMPSE surveyed the in-
ner 130 degrees of the Galactic Plane and Galactic latitudes
from −1◦ to 1◦. The 5 σ sensitivities of the four bands are
0.2, 0.2, 0.4, 0.4 mJy, respectively. In addition to images,
the GLIMPSE survey performed point-source photometry us-
ing point spread functions (PSFs). The limiting magnitudes
are 14, 12, 10.5, and 9.0 for bands 1 to 4 with photometric
accuracy no worse than 0.2 mag. Photometric data in the J
(1.25 µm), H (1.65 µm), and Ks (2.17 µm) bands from the
Two Micron All Sky Point Source Catalog (2MASS PSC,
Skrutskie et al. 2006) are provided in the GLIMPSE Cata-
log to build-up a 7-bands photometric system. Both the im-
ages and the catalog of GLIMPSE are publicly available at
the InfraRed Science Archive (IRSA)1, where we have re-
trieved cutouts in the four IRAC bands and point sources
in a 30′ × 30′ region centered at α2000 = 18h14m47s.09,
δ2000 = −18◦26′21′′.2. We restricted the extracted catalog
to be a more reliable data set with the following criteria: a)
Only sources with photometric errors no larger than 0.2 mag
at 3.6 µm and 4.5 µm are taken into account; b) Photometric
data with uncertainties larger than 0.2 mag at 5.6 and 8.0 µm
are omitted; c) For the 2MASS bands, a threshold of 0.1 mag
photometric error is used to forsake unreliable photometric
values.
MIPSGAL (Carey et al. 2009) is a complement to the
GLIMPSE legacy survey. This survey using the MIPS (Multi-
band Infrared Photometer for Spitzer, Rieke et al. 2004) in-
strument onboard the Spitzer Space Telescope (SST) surveyed
an area comparable to that of GLIMPSE. The version 3.0
of MIPSGAL data includes mosaics (post basic calibrated
data products) at 24 µm with sky coverage of |b| < 1◦ for
−68◦ < l < 69◦, and |b| < 3◦ for −8◦ < l < 9◦. The spatial
resolution and 5σ sensitivity at 24 µm are 6′′ and 1.7 mJy.
From the IRSA server, we have extracted a cutout of a region
same as that of GLIMPSE cutouts.
We conducted point-source extraction and photometry of
point sources in the MIPS 24 µm image using the PSF fit-
ting capability of IRAF/DAOPHOT (Stetson 1987). The
PSF was determined to be about 6′′ by fitting the profiles
of eight bright point sources in the field of interest. The
standard deviation (σ) of the sky was estimated to be about
8.8×10−6 Jy pixel−1. daofind was used to extract point source
candidates with a threshold of 20 σ. The final sources were
determined by visually inspecting the extracted sources us-
ing tvmark. Sources affected by ghosts, diffraction spikes,
halos from bright sources and artifacts residing in bright ex-
tended emission were rejected. Magnitudes of the extracted
sources were determined using the magnitude zero point of
7.17 Jy provided in the MIPS instrument handbook2. Finally,
we reached a catalog of 517 point sources with 24 µm pho-
1 http://irsa.ipac.caltech.edu/index.html
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tometry. Among them, 491 have IRAC counterparts within
2′′.
We estimated the completeness of our catalog by count-
ing the number of sources as a function of magnitude. A
histogram plot of source magnitudes at each band has been
plotted and carefully inspected. The magnitude, at which the
number of sources drops sharply, has been treated as the com-
plete limit. Finally, we found that our catalog is relatively
complete to a magnitude of 13.5 at 3.6 µm, 13.5 at 4.5 µm,
12.2 at 5.8 µm, 11.5 at 8.0 µm, and 7.5 at 24 µm.
The Multi-Array Galactic Plane Imaging Survey (MAGPIS,
Helfand et al. 2006), on its website3, provides 90 cm images
of the first Galactic quadrant. These images were obtained
using the VLA at 325 MHz. The archived 90 cm data covering
N6 have a spatial resolution of 25′′ and 1 σ sensitivity of 5
mJy beam−1 (Brogan et al. 2005). A cutout around N6 has
been extracted and used to reveal the large scale distribution
of ionized gas.
3. RESULTS
Shown in Figure 1 are composite color images of N6 com-
piled using Spitzer and MAGPIS cutouts. As described in
Deharveng et al. (2010), N6 is composed of a ring in the
northeast and a filamentary structure in the southwest. Both
of these two components show bright emission at 8.0 µm. The
southwest bright 8 µm structure also could be a part of a large
bubble or resulting from the interaction between ionizing ra-
diations escaping from the holes of the main bubble and the
the natal molecular cloud. However, it is too complicated to
make clear the nature of this structure and beyond the scope of
this work. In the following analysis, we mainly focus on the
ring structure and its near vicinities. In Figure 1(a), a dashed
box indicates the region of the PMO observations. In this sec-
tion, we will show the results of our PMO observations and
the identification of YSO candidates.
3.1. Molecular Clouds
We have carried out observations of a 21′ × 25′ region in
the J = 1 − 0 transitions of 12CO and 13CO. These data have
provided information of molecular cloud and velocity distri-
butions in bubble N6.
3.1.1. Four velocity Components
Molecular conditions of N6 are extraordinarily compli-
cated. The spectra of both lines of 12CO and 13CO show
more than one velocity components. On the basis of the aver-
aged spectra of the whole observed region (see Figure 2), we
have identified four velocity components centered at 2.8, 16.0,
34.9, and 45.7 km s−1, respectively. In order to unambigu-
ously ascertain the relationship of each velocity component
with N6, we have constructed channel maps of 12CO J = 1−0,
which are shown in Figure 3. The 12CO emissions show dif-
fuse features at the majority of velocity channels. However,
several molecular condensations are detected at velocities of
13 to 19 km s−1 and 43 to 49 km s−1. Most of them are spa-
tially associated with the ring and the filamentary structure,
suggesting physical correlation with N6.
In Figure 4, we have overlayed the velocity integrated in-
tensity as contours of each velocity component on the Spitzer
8.0 µm image. The emissions of these four velocity compo-
nents show different features.
2 http://irsa.ipac.caltech.edu/data/SPITZER/docs/mips/mipsinstrumenthandbook/
3 http://third.ucllnl.org/gps/
• The 2.8 km s−1 component is dominantly detected on
the north and south sides (see Figure 4(a)). Molecular
material at this velocity is diffusely distributed. Com-
pared with the 16.0 and 45.7 km s−1 components, the
material at this velocity seems not correlated with bub-
ble N6. Using the Galactic rotation curve in Reid et al.
(2014), we have calculated the near and far kinematic
distances to this velocity component. The near distance
of 0.4 kpc indicates that the 2.8 km s−1 velocity com-
ponent may trace a foreground region residing in the
Sagittarius arm.
• As shown Figure 4(b)&(d), several molecular conden-
sations are conspicuous in the 16.0 and 45.7 km s−1
components. Five of them are detected on the border of
the ring structure. This suggests that these two velocity
components are associated with N6. The difference of
the velocities could be due to the expansion of the ring.
• Molecular gas at the 34.9 km s−1 component is dif-
fusely distributed throughout the whole mapped region.
As the velocity is in-between the two components as-
sociated with N6, this component may originate from
the natal cloud where the exciting star(s) of N6 have
formed. There is a void in the middle of the integrated
intensity map. It is spatially consistent with the cav-
ity detected at MAGPIS 90 cm. The emergence of this
void (or cavity) would be attributed to winds from the
the exciting star(s).
Toward N6, a very broad recombination line at 9 cm was re-
ported by Lockman (1989). The recombination line is peaked
at 40 km s−1 with a FWHM width of 33.2 km s−1. The full
width exceeds 60 km s−1, having the 16.0, 34.9, and 45.7 km
s−1 components revealed by 12CO covered by the recombina-
tion line. This provides additional evidence to the consistence
of the 16.0, 34.9, and 45.7 km s−1 components with N6.
To conclude, we posit that the 16.0 and 45.7 km s−1 com-
ponents originate from the expansion of the ring of N6, and
the 34.9 km s−1 component is tracing the natal cloud. In the
following, we estimate the distance to N6 using a systemic
velocity of 34.9 km s−1.
3.1.2. Distance Estimation
The distance to N6 has not been well confined. Based on
a recombination line velocity of 40 km s−1 (Lockman 1989),
Deharveng et al. (2010) proposed a near and a far kinematic
distances of 4.12 and 12.49 kpc. The velocity resolution in
Lockman (1989) is about 4 km s−1. Such poor value would
induce large uncertainties to the estimated distances. Our ob-
servations have a velocity resolution of 0.17 km s−1, an or-
der of magnitude higher than that in Lockman (1989). Based
on our observations and aforementioned analysis, we suggest
a more reliable systemic velocity of 34.9 km s−1. Using the
Galactic rotation curve of Reid et al. (2014), we have obtained
the near and far kinematic distances to be 3.5 and 12.8 kpc.
Previous works have suggested that most star-forming
regions are located on one of the Galactic spiral arms
(Kolpak et al. 2003; Roman-Duval et al. 2009). To resolve
the near-far kinematic distance ambiguity, we have checked
the location of N6 on the face-on plane of our Galaxy. The
four arms model of Valle´e (2005) has been used. We noticed
that N6 is located on the Scutum arm while the near distance
of 3.5 kpc is employed and the far distance of 12.8 kpc would
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Fig. 1.— Composite color images of N6. (a) Compiled with Spitzer 4.5 µm (blue), 8.0 µm (green), and 24 µm (red) cutouts. The two ellipses represent the outer
and inner rings of bubble N6. The major and minor radii of the inner ring are 5.94 and 4.58 arcmin, respectively. The outer ring has major and minor radii of
7.33 and 5.65 arcmin. The dashed box marks the region of PMO observations. (b) Compiled with Spitzer 8.0 µm (cyan), and MGAPIS 90 cm (red) cutouts. The
circle is used to confine a region, where candidate exciting stars reside. The small circles mark the potential exciting stars identified in Section 4.1.
Fig. 2.— Averaged spectra of lines of 12CO J = 1 − 0 and 13CO J = 1 − 0.
We note that the intensity of 13CO J = 1 − 0 is multiplied by 2 for clarity.
put N6 on a location in between the Sagittarius and Perseus
arms. Thus, we have adopted the near value of 3.5 kpc as the
distance to N6.
Kinematic distances always have relatively large uncertain-
ties. The origins of such uncertainties could come from the
inaccuracies of systemic velocities and fluctuations of rota-
tion curves in use. On the basis of investigations of Galactic
H ii regions, Anderson et al. (2012) proposed that the uncer-
tainties of kinematic distances could change from smaller than
5% to larger than 20%. The uncertainties could be small for
sources on the Galactic plane, and relatively large for source
with high latitudes. Given that N6 resides in the inner disk,
we adopt a 10% uncertainty for the kinematic distance in the
following analysis.
3.1.3. Clumps
In the velocity integrated intensity maps of 16.0 km s−1 and
45.7 km s−1 components of 12CO J = 1−0, we have identified
ten peaks as molecular condensations. Due to the relatively
poor spatial resolution of our observations, the sizes of these
condensations would be larger than 0.9 pc (the beam size of
our PMO observations). Thus we refer to these sources as
“clumps”, which have sizes of several tenths to a few parsecs
and could serve as forming sites of clusters(Williams et al.
2000; Bergin & Tafalla 2007). We have labeled them as A-
J in Figures 4&5 and tabulated them in Table 1. Four of these
clumps are coincident with the 16.0 km s−1 component. The
other six are detected in the 45.7 km s−1 component. Five
clumps (i.e., A, B, G, H, and I) are distributed on the border
of the ring structure. The clump E spatially coincides with the
bipolar structure reported in Yuan et al. (2012).
For identifying local peaks as clumps, a threshold of 8 σ
(about 32 K km−1) was used. There are additional local peaks
in the right panels of Figure 4, and could also be clump candi-
dates. We carefully inspected the 12CO J = 1− 0 spectra, and
found they are fake peaks whose emersion could be attributed
to fluctuations of baselines and worse sensitivity in the edge
of the mapped region.
Figure 5 presents velocity integrated intensity maps of 16.0
km s−1 and 45.7 km s−1 components of 13CO J = 1 − 0 over-
layed on that of 12CO J = 1 − 0. Only five clumps have
detections in 13CO J = 1 − 0. They are clumps A-E.
For each identified clump, we have fitted a two-dimensional
Gaussian to the area around the peak to determine the size.
For the five clumps with 13CO detections, the fittings have
been performed based on integrated intensity maps of 13CO
J = 1 − 0. For the other five ones, integrated intensity maps
of 12CO J = 1 − 0 have been used. The resulting major and
minor axes and position angle for each source are given in
Table 1. The effective radius of each clump is determined
via the relation of R =
√
Dma jor · Dminor/2 and given in the
column 2 of Table 2. Dma jor and Dminor are the deconvolved
major and minor axes of the 2-D Gaussian, respectively.
We have carried out one-component Gaussian fittings to
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Fig. 3.— Channel maps of 12CO J = 1 − 0 (contours) overlayed on the Spitzer 8.0 µm image. The velocity interval of integration for each small panel covers
2 km s−1 with the center value marked in the left-bottom corner of each panel. The contours start from 5 σ with steps of 2.5 σ (1 σ = 2 K km s−1). In the
right-bottom corner of the last panel, a small circle is used to present the primary beam of our PMO observations.
line profiles at peaks of the clumps. This procedure has re-
sulted in integrated intensities, brightness temperatures, ve-
locity centroids, and full widths at half-maximum (FWHMs)
of 12CO J = 1 − 0 and 13CO J = 1 − 0. The resulting param-
eters are given in Table 1.
We have followed a rotation temperature-column density
analysis to estimate local thermodynamic equilibrium (LTE)
parameters of the clumps with reliable detection in both lines.
The residual brightness temperature (Tr) for a specific transi-
tion as a function of the excitation temperature (Tex) can be
expressed as
Tr =
hν
κ
[ 1
exp( hνκTex ) − 1
−
1
exp( hνκTbg ) − 1
]×[1−exp(−τ)] f , (1)
where Tbg = 2.73 K is the temperature of the cosmic back-
ground radiation, and f is the beam-filling factor. Op-
tical depths of both 12CO and 13CO can be directly ob-
tained from comparing the measured brightness temperatures
6 Yuan et al.
Fig. 4.— Velocity integrated intensities (contours) of the four components of 12CO J = 1−0 overlayed on IRAC 8.0 µm cutout. Velocity intervals of integrations
are [1, 9], [14, 18], [33, 49], and [43, 49] for the 2.8, 16.0, 34.9, and 45.7 components, respectively. The contour levels start from 4 σ with steps of 1.5 σ. Here,
1 σ noises for the four components are 3.5, 2.5, 4.2, and 4.0 K km s−1, respectively. The identified molecular clumps are indicated with A-J in the right panels.
The small filled squares are representative of IRAS sources. The filled circle in the right-bottom corner of the 45.7 km s−1 component panel marks the primary
beam of our PMO observations.
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Fig. 5.— Velocity integrated intensities of the 16.0 km s−1 component (a) and 45.7 km s−1 component (b) of 13CO J = 1−0 overlayed on that of 12CO J = 1−0.
The velocity intervals of integrations of the 16.0 and 45.7 km s−1 components of 13CO J = 1 − 0 are [14,18] and [42,49] km s−1, respectively. The contours start
from 4 σ with steps of 1.3 σ. Here, 1 σ noises are 1.3 and 3.0 K km s−1 for the 16.0 and 45.7 km s−1 components. The symbols are the same as that in Figure 4.
8 Yuan et al.
(Garden et al. 1991).
Tr(12CO)
Tr(13)CO ≈
1 − exp(−τ12)
1 − exp(−τ13) . (2)
In the procedure of estimating the distance, a Galactocen-
tric radius of 4.9 kpc was obtain for N6. This value lo-
cates this bubble in the 5 kpc molecular ring of our Galaxy.
Thus an isotope ratio of [12CO]/[13CO] = τ12/τ13 = 53
(Wilson & Rood 1994) is applied to derive the optical depths
which are given in column 3 and 4 of Table 2. With an as-
sumption of a beam-filling factor of 1, the excitation tem-
perature of each clump can be straightforwardly obtained
and is presented in column 5 of Table 2. The resulting ex-
citation temperatures range from 16 K to 30 K, consistent
with that in intermediate- to high-mass star-forming regions
(Molinari et al. 1996; Sridharan et al. 2002; Wu et al. 2006;
Liu et al. 2011; Ren et al. 2014).
According to Garden et al. (1991), the column density of a
linear molecule can be expressed as
N =
3κ
8π3Bµ2
exp[hBJ(J + 1)/κTex]
(J + 1)
×
(Tex + hB/3κ)
[1 − exp(−hν/κTex)]
∫
τdv. (3)
where B and µ are the rotational constant and permanent
dipole of the molecule, and J is the rotational quantum num-
ber of the lower state of the observed transition. We have cal-
culated the 13CO column density in the peak of each clump.
To obtain the molecular hydrogen column density, we have
adopted a canonical [CO]/[H2] abundance ratio of ≃ 104 and
an isotope ratio of [12CO]/[13CO] = 53 ± 4 (Wilson & Rood
1994). Then, the mass of a clump has been resulted from
MLT E = (4/3)πR3nH2µgm(H2). Here, µg = 1.36 is the
mean atomic weight of gas, m(H2) is the mass of a hydrogen
molecule, and nH2 = NH2/2R is the volume density of molec-
ular hydrogen. The resulting densities and masses are given in
columns 6-8 of Table 2. The five clumps, with reliable detec-
tion in both lines, have masses from several hundred to high to
more than 5,000 M⊙. This corroborates that they could serve
as cradles for massive stars.
A computer program (RADEX) for the fast non-LTE anal-
ysis of interstellar line spectra has been developed by
van der Tak et al. (2007). With collisional and radiative pro-
cesses involved in the code, RADEX can be used to effectively
constrain the densities and temperatures of a clump in which
two molecular transitions have been positively detected. We
have followed Liu et al. (2012) to explore a grid of H2 vol-
ume densities and kinetic temperatures in ranges of 102-106
cm−3 and 5-50 K. Expanding spherical geometries have been
used. Models fulfilling the restriction of |Tmod − Tr| ≤ σ are
preserved for further analysis. The Tmod and Tr are modeled
and measured brightness temperatures, respectively. These
procedures have been performed for the 12CO J = 1 − 0 and
13CO J = 1 − 0 transitions in the peaks of clumps A-E. The
final acceptable parameters have been reached via comparing
models of 12CO transition to that of 13CO transition. Shown
in Figure 6 is the modeled H2 volume density as a function
of kinetic temperature. In this paper, we just illustratively
present the plot of clump E. The valid models would be the
ones overlapped in Figure 6. Averaged parameters from the
valid models of each clump are given in columns 9-14 of Ta-
ble 2. We note that parameters (e.g., temperatures, densities,
Fig. 6.— Non-LTE model fitting of 12CO J = 1 − 0 and 13CO J = 1 − 0
at the emission peak of clump E. The asterisk is representative of the LTE
result. Here, we only illustratively present the plot of clump E.
and masses) obtained from the LTE and non-LTE approaches
are well consistent with each other. The excitation tempera-
tures from the non-LTE estimation are slightly lower than that
from the LTE calculation, and also smaller than the kinetic
temperatures. We get similar LTE and non-LTE masses for
clumps B, C, and D.
The lack of reliable detections in 13CO J = 1 − 0 has pre-
vented us estimating the LTE parameters of clumps F-J. How-
ever, some non-LTE parameters can be obtained using the
RADEX program with an assumed kinetic temperature of 20 K.
We have used the Python script provided by van der Tak et al.
(2007) to calculate 12CO column densities. The H2 column
density has been reached by using a canonical abundance ra-
tio of [12CO]/[H2] = 10−4. The resulting column density of
each clump is provided in Table 2, in which the non-LTE vol-
ume density and mass are also given. In contrast to that of
clumps with detections in 13CO J = 1 − 0, the densities and
masses of clumps F-J are relatively small.
3.2. IRAS Point Sources
We queried the V2.1 version of the IRAS point source
catalog(Beichman et al. 1988) and found that there are nine
IRAS point sources in the mapping region of our PMO obser-
vations. They are labeled as IRAS 1-9 with ascending right
ascension and indicated in Figures 4 and 5 with filled squares.
Their genuine IRAS names, IRAS photometric data, and pho-
tometric quality flags from the catalog are given in Table 3.
Noticeably, IRAS 18114-1825 (IRAS 3), IRAS 18122-1818
(IRAS 7), and IRAS 18123-1829 (IRAS 8) are associated with
clumps E, A, and H, respectively.
Infrared flux densities of the nine IRAS sources can be ob-
tained with the following equation (Casoli et al. 1986):
F(10−13Wm−2) = 1.75 × ( F120.79 +
F25
2
+
F60
3.9 +
F100
9.9 ). (4)
Here, F12, F25, F60, and F100 are flux densities in Jy at 12 µm,
25 µm, 60 µm, and 100 µm, respectively. With the distance
of 3.5 kpc, we have obtained infrared luminosities, which are
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given in column 10 of Table 3. Color indices of log(F25/F12)
and log(F60/F12) are also calculated and shown in Table 3.
3.3. YSO Candidates in N6
Young stellar objects always show excessive infrared emis-
sion which can be effectively used for discriminating YSOs
from field stars and distinguishing different evolutionary
stages. At a considerably early evolutionary stage, proto-
stars are mostly embedded in dust envelopes. They exhibit
large excessive infrared emission and take on infrared spec-
tral indices αIR > −0.3 indicative of flat or ascending spec-
tral energy distributions (SEDs) at wavelength longward of 2
µm (Lada 1987; Greene et al. 1994). For pre-main sequence
(PMS) stars with optically thick disks, the SEDs tend to de-
scend and the infrared spectral indices are in the range of
−1.6 < αIR < −0.3. “Transition disk” (TD) sources are more
evolved YSOs. The inner part of the disks have been cleared
by photoevaporation of central stars or by planet forming pro-
cesses. Such YSOs would be only excessively emitting at
wavelengthes longer than 16 µm (Strom et al. 1989).
These properties of YSOs make photometric observations
in the near- to mid-infrared plausible for identifying them
from field stars. Color-based source identification and clas-
sification schemes have been developed and verified practi-
cal. In this subsection, we identify potential YSOs follow-
ing the schemes proposed by Gutermuth et al. (2009). The
resulting YSOs are classified into Class I (protostars, includ-
ing Class 0, Class I, and “flat spectrum” sources), Class II,
and TD sources. These YSO candidates are further inspected
by fitting their SEDs using the online tool of Robitaille et al.
(2007).
3.3.1. Contaminants Removal
There are several kinds of contaminants that would be
misidentified as YSOs in our original sample. Extragalac-
tic contaminations could stem from star-forming galaxies and
broad-line active galactic nuclei (AGN), which show PAH-
featured emission yielding very red 5.8 and 8.0 µm colors
(Stern et al. 2005; Gutermuth et al. 2008). Gutermuth et al.
(2009) developed an identification scheme based on color-
color spaces of [4.5] − [5.8] versus [5.8] − [8.0] and [3.6] −
[5.8] versus [4.5]− [8.0] to reject star-forming galaxies. They
utilize the [4.5] versus [4.5]− [8.0] color-magnitude diagram
to flag broad-line AGNs. We follow their criteria to identify
and eliminate these two kinds of contaminants from our sam-
ple. In our own Galaxy, unresolved knots of shock emission
and resolved PAH emission are often detected in the IRAC
bands, yielding additional contaminations (Gutermuth et al.
2009). Based on color indices of [3.6]− [4.5] and [4.5]− [5.8]
(for details, please refer to Gutermuth et al. 2009), these
sources are weeded out.
3.3.2. Identification and Classification
We have followed the source classification schemes devel-
oped by Gutermuth et al. (2009) to identify and categorize po-
tential YSOs from sources with contaminants excluded.
In the first phase, only sources with valid detections in all
four IRAC bands have been considered. Any sources fulfill-
ing color criteria of [3.6]− [4.5] > 0.7 and [4.5]− [5.8] > 0.7
are regarded as Class I YSOs (Gutermuth et al. 2009). In
the remaining pool, Class II sources have been picked out
based on the constraints of i) [3.6] − [4.5] − σ1 > 0.15, ii)
[3.6] − [5.8] − σ2 > 0.35, iii)[4.5] − [8.0] − σ3 > 0.5, and iv)
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Fig. 7.— IRAC color-color diagrams showing the distribution of field stars
(black dots), ’transition disk’ (cyan diamonds), Class II (blue crosses), and
Class I (red triangles) sources. The solid lines in the (a) and (b) panels indi-
cate the defining loci of Class I and Class II sources (for details, please refer
to Gutermuth et al. 2009).
[3.6] − [5.8] + σ2 ≤ 0.140.04 × (([4.5] − [8.0] − σ3) − 0.5) + 0.5(Gutermuth et al. 2009). Here, σ1 = σ([3.6] − [4.5]), σ2 =
σ([3.6] − [5.8]), and σ3 = σ([4.5] − [8.0]) are combined er-
rors, added in quadrature.
In the second phase, sources with 24 µm data but not
classified to be YSOs in previous procedure are reexamined.
Sources with colors of [5.8]− [24] > 2.5 or [4.5]− [24] > 2.5
are classified to be TDs (Gutermuth et al. 2009). With the
potential contaminants and YSOs identified above excluded,
there still remain some sources with bright 24 µm emission.
For sources lacking valid photometric data in one or more of
the IRAC bands, they are picked out as additional Class I type
YSOs once fulfilling [24] > 7 and [X] − [24] > 4.5 mag,
where [X] is the longest wavelength IRAC detection that we
have (Gutermuth et al. 2009).
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Fig. 8.— IRAC-MIPS color-color diagrams. Field stars, ’transition disk’,
Class II, and Class I sources are represented with black dots cyan diamonds,
blue crosses, and red triangles, respectively.
The classification scheme of Gutermuth et al. (2009) in-
cludes three phases. Compared with the methods mentioned
above, they also use 2MASS data to identify additional YSOs.
Considering that the distance of N6 is much farther than
the sources in Gutermuth et al. (2009), 2MASS photometry
would be severely affected by interstellar extinction. The use
of 2MASS data to identify YSOs would induce heavy con-
tamination from foreground field stars.
The above identification procedures have resulted in 99
YSOs which are classified into 27 Class I, 48 Class II, and
24 TD objects. A summary of the results is given in Talbe
4. Their distributions on different color-color diagrams are
shown in Figures 7&8. We note that the color based classi-
fication scheme would lead to misidentifications. A Class II
YSO viewed at high inclination would show features resem-
bling that of a Class I source. An edge-on Class I YSO can
have similar infrared color of a Class 0 source. Thus, all Class
I, II, and TD sources identified in this paper are candidates.
The distribution of all the identified YSOs is shown in Figure
9(a). Although most YSO candidates are distributed outside
the bubble, there are a small group of YSOs residing inside
the shell-like structure. Detailed discussions of star formation
in this region is given in §4.4.
In order to check the validation of the source classification
scheme used in this work, we have tried to identify YSOs in
a control field centered at (l = 11.2461, b = 0.8646) follow-
ing the same procedures. The control field have been chosen
based on the angle distance to N6 (as near as possible) and
the intensity at 8.0 µm (no extended structure brighter than 50
MJy sr−1). In a region of the same area of the target field, 39
YSO candidates have been identified. The results are outlined
in Table 4. The distribution of all the identified YSOs in the
control field is shown in Figure 10. Interestingly, 15 of the 39
YSOs concentrate at the east to form a small cluster which is
spatially in coincidence with a small infrared dark filament.
They could be real YSOs with high possibilities. If the other
24 sources were treated as potential misidentifications in a
30′ × 30′ region, we can estimate that more than 75% of the
99 YSOs in the N6 field are with high reliability.
3.3.3. SED Fitting
We have fitted the SEDs of all the 99 YSO candidates us-
ing the online tool of Robitaille et al. (2007). The SED fitting
tool was developed based on a grid of 20,000 two-dimensional
Monte Carlo radiation transfer models spanning a large range
of stellar masses and evolutionary stages. Each model con-
sists of parameters of a central star, a flared accretion disk,
a rotationally flattened envelope, and bipolar cavities. There
are outputs at 10 viewing angles (inclinations) for each model.
Thus, the fitting tool has 200,000 SEDs to choose from. Based
on a regression algorithm, SEDs within a specific χ2 are re-
turned.
The required inputs are photometric data at multi-bands,
the distance and interstellar extinction ranges for fitting SEDs
of a source. In this work, photometric data at 2MASS and
IRAC bands are from the GLIMPSE catalog, while the 24
µm data were extracted from the 24 µm image using the
IRAF/DAOPHOT (see §2.2). Distances are constrained in the
range of 3-4 kpc. The interstellar extinction towards N6 has
been estimated to be about 21 mag based on the extinction
model S (with spiral arms) of Amoˆres & Le´pine (2005). Thus,
we have constrained the extinctions for all the 99 YSOs in the
range of 0-30 mag with a relatively large relaxation.
There are more than one modeled SEDs returned for each
source. The one with the smallest χ2 (χ2best) is the best fit-
ted SED. However, it does not necessarily represent the true
natures of the target. In our cases, modeled SEDs with
(χ2 − χ2best) < 3Ndata are treated to be valid. Here, Ndata is
the number of data points. The relative probability of each
model is estimated to be
P(χ2) = e−(χ2−χ2best)/3Ndata . (5)
Then it is normalized by dividing P[(χ2 − χ2best) < 3Ndata].
From the well-fitted models for each source returned from
the online SED-fitting tool, we calculated χ2-weighted pa-
rameters with assigned weights to be the relative probabili-
ties. The resulting mean values and uncertainties of stellar
mass, effective temperature, total luminosity, envelope accre-
tion rate, disk mass, and age of each source are given in Table
6. We note that there are sources with thousands of well-fitted
models. Such sources always only have data in three adjacent
bands. And the fitted parameters are always far from conver-
gent. In the final list given in Table 6, 12 sources with more
than 3000 well-fitted models ((χ2 − χ2best) < 3N) have been
rejected.
Although the models of Robitaille et al. (2006) have been
widely used to investigate properties of YSOs, there still are
several caveats and limitations that should be borne in mind
(Robitaille 2008). Generally, the successful fitting of a num-
ber of models to an observed SED does not prove that any
of these models are actually the correct ones for the object in
question, only that they are consistent with the observations
(Robitaille 2008). And there would be relatively large uncer-
tainties for some parameters, especially the indirectly observ-
able parameters (Robitaille 2008). For the stellar mass and
age, uncertainties could originate from i) potentially wrong
evolutionary tracks of YSOs used to derive some indirect pa-
rameters, ii) unresolved multiplicities, and iii) confusion in-
duced from relatively poor resolutions at long wavelengths
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Fig. 9.— Spatial distribution of YSO candidates. The grayscale represents 8.0 µm emission. The contours show the combined velocity integrated intensity of
the 16.0 and 45.7 km s−1 components of 12CO J = 1 − 0. The velocity interval of integration covers [14, 18] and [43, 49] km s−1. The contour levels start from
3σ (1σ = 5 K km s−1). The crosses, triangles, and stars represent ’transition disk’, Class II, and Class I sources, respectively. The filled circles in pannel (b)
mark the 87 YSOs with valid SEDs. The sizes indicate the masses from 0.9 to 16 M⊙.
Fig. 10.— Spacial distribution of YSO candidates in the control field. The
background and symbols are the same as that in Figure 9.
(Robitaille 2008). In this study, the absence of optical pho-
tometric data would induce additional uncertainties to some
stellar parameters (e.g., age and mass). Similarly, the absence
of far-infrared data would lead to high uncertainties to enve-
lope parameters. As mentioned in Robitaille (2008), envelope
parameters are also affected by the accuracy of dust models
used in Robitaille et al. (2006).
For the 87 sources with derived model parameters, we have
followed Robitaille et al. (2006) to classify them into three
categories. In discussing evolutionary stages of their mod-
els, Robitaille et al. (2006) suggested a “Stage” classification
scheme of YSOs based on their physical properties rather than
slopes of the SEDs. With significant infalling envelopes and
possible disks, Stage 0/I objects have ˙Menv/M∗ > 10−6 yr−1.
With optically thick disks and possible remains of a tenuous
infalling envelope, Stage II objects have ˙Menv/M∗ < 10−6 yr−1
and Mdisk/M∗ > 10−6. With optically thin disks, Stage III
sources have ˙Menv/M∗ < 10−6 yr−1 and Mdisk/M∗ < 10−6.
The 87 sources are eventually grouped into 25 Stage 0/I, 48
Stage II, and 14 Stage III objects. Example SEDs of several
YSOs are presented in Figure 11.
4. DISCUSSIONS
Our data in hand have revealed complicated situations and
active star-forming activities in N6. In this section, more in-
depth analysis of the results will be presented. We will try
to constrain the potential exciting stars, address the status of
clumps, elucidate the kinematics of the ring structure, and un-
veil the star-forming scenario.
4.1. Exciting Stars
As suggested by Churchwell et al. (2006), most of bubbles
have been excited by OB stars. The stars that create bub-
bles also ionize the ambient neutral material to result in H ii
regions which give free-free emission. Radio continuum ob-
servations can provide information of such emission and help
us constrain the type of stars responsible for the creation of
bubbles and the enclosed H ii regions.
We have measured the total flux at 90 cm above 3σ (1σ = 5
mJy beam−1) inside N6 to be about 8.2 Jy. Given that the bub-
ble is broken, ionized gas may have leaked into the surround-
ings. Thus, we also measured the 90 cm flux in the near reach
of N6 to get a larger value of 16.2 Jy. And we used it as an
upper limit, while the value inside N6 as a lower limit. Under
an assumption of optically thin in the radio continuum, a rela-
tionship between the total flux at a frequency and the ionizing
photon rate was proposed by Mezger et al. (1974) as bellow:
(NLy
s−1
)
≈ 4.761×1048a(ν, Te)−1
(
ν
GHz
)0.1 (Te
K
)−0.45 (S ν
Jy
) (
D
kpc
)2
.
(6)
Here, a(ν, Te) is a slowly varying function tabulated by
Mezger & Henderson (1967); for Te = 104 K and at radio
wavelengths, a(ν, Te) = 1. For the present case, we can-
not precisely derive the electron temperature with the data in
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Fig. 11.— Example SEDs of Stage 0/I (left), Stage II (middle), and Stage III (right) YSOs. The filled circles show the input fluxes. The black lines show the
best fit, and the gray lines show subsequent good fits with (χ2 − χ2best) < 3N. The dashed lines show the stellar photosphere corresponding to the central source
of the best fitting model, as it would look in the absence of circumstellar dust (but including interstellar extinction) (Robitaille et al. 2007).
hand. With an assumed electron temperature of Te = 104 K,
the required ionizing photons per second for the ionization
should be in the range of (6.8 − 13.3) × 1048 s−1. This indi-
cates that at least one O6.5 star, or a group of smaller ones are
needed to produce such a flux (Martins et al. 2005). But the
brightest one should not be earlier than O5.5.
In the following, we try to constrain possible exciting stars
responsible for the creation of N6. The candidates are re-
stricted in the large circle presented in Figure 1(b). Serving as
the source of ionizing photons, the exciting stars would be in
main sequence phase. They should have not been identified
as YSOs in Section 3.3, and have valid detections in all three
2MASS bands. There are 241 point sources fulfilling our re-
quirements. We have followed Paron et al. (2011) to obtain
the absolute J, H, and Ks magnitudes. The near infrared ex-
tinction law of Rieke & Lebofsky (1985) and intrinsic color
[J−H]0 = −0.11 of O type star in Martins & Plez (2006) were
adopted to derive the interstellar extinction of each sample
star. With the distance of 3.5 kpc, absolute J, H, and Ks mag-
nitudes of each source were calculated, and then compared
with theoretical models in Martins & Plez (2006) to identify
potential O type stars which have absolute Ks magnitudes in
the range of -5 to -3. We further restrict the candidates using
a criterion of ([H − Ks]0 + 0.1) < 0.15 based on the theoret-
ical value of [H − Ks]0 = −0.1 considering an uncertainty of
0.15 (Martins & Plez 2006). Finally, eight O type stars meet-
ing the above constraints are resulted and tabulated in Table 7.
These sources have spectral types from O9.5 to O4. However,
based on our estimate of ionizing photon flux, the exciting
stars should not be brighter than O5.5. Thus, source ♯2 is
ruled out.
We have marked these eight sources in Figure 1(b) with
small circles. We note that candidates ♯5 and ♯6 are close to
the central region of the bubble and could be more likely excit-
ing sources. Additionally, there are some small protuberances
on the south-eastern ring-like PAH-dominated structure. Such
small structures could be carved by the radiation pressure of
the central hot stars. Most of them are pointing to the loca-
tions of sources ♯5 and ♯6. This additionally supports that
source ♯5 and ♯6 are more likely exciting stars. Further ev-
idence to this conclusion comes from the appearance of the
bright-rimed structure associated with clump B, which also
points to sources ♯5 and ♯6.
However, we still cannot rule out the possibility for these
exciting star candidates to be giants. Based on the intrin-
sic colors of giants given in Bessell & Brett (1988) and the
near infrared extinction laws of Rieke & Lebofsky (1985),
we have deduced that the 2MASS colors for a giant fulfill
the following relationship of [J − H] = A[H − Ks]+ B, where
A = AJ−AHAH−AKs = 1.7, and B = [J−H]0−A[H−Ks]0 is in the range
of 0.26 to 0.43. Among the eight exciting star candidates, six
sources have 2MASS colors resembling that of giants. Thus
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they could also be foreground giants. Nevertheless, there are
two possible ionizing stars not contaminated by giants. They
are sources ♯1 and ♯5. All of the features mentioned above
support that source ♯5 could be the most likely exciting star
responsible for the creation of N6.
There is another bright point source located in the center
of N6 as shown in Figure 1. This point source is saturated
in all four IRAC bands and not given in the GLIMPSE cata-
log. It has a 2MASS association with J, H, and Ks apparent
magnitudes of 9.739, 7.124, 5.609. Assuming this source is
associated with N6, the absolute magnitude at the Ks band is
smaller than -7 mag, even brighter than an O3 type star. Thus
this source could be a foreground field star.
4.2. Evolutionary Status of Molecular Clumps
In Section 3.1.3, we have identified ten molecular conden-
sations as clumps and calculated their densities and masses.
These clumps have radii ranging from 0.8 to 2.1 pc, H2 col-
umn densities ranging from 0.53 × 1021 to 3.86 × 1022 cm−2,
and masses ranging from 24 to higher than 5,000 M⊙. Such
difference in these primary physical parameters between dif-
ferent clumps signifies diverse evolutionary stages.
To ascertain the dynamical status of these ten clumps, we
have followed MacLaren et al. (1988) to estimate their virial
masses with an assumption of constant density distributions:
Mvir
M⊙
= 210
(
∆v
km s−1
)2 ( R
pc
)
. (7)
Here, ∆v is the width of an observed molecular line and R is
the effective radius. For the five clumps with 13CO detections,
line widths of 13CO J = 1 − 0 have been used. For the other
five clumps, line widths of 12CO J = 1 − 0 have been used.
The resylting virial masses are given in Column 15 of Table
2. Due to the optically thick feature of 12CO J = 1 − 0, the
derived virial masses for clumps F-J are upper limit values.
We note that clumps A, C-E, and I have smaller virial
masses than the measured gas masses, indicating that they
are gravitationally unstable and have potential to collapse to
form new stars. Clump B has a virial mass commensurate its
LTE mass, indicative of a virial equilibrium status. For the
other four clumps, the virial masses are one order of magni-
tude larger than their non-LTE masses.
Clump A is elongated along NW-SE in 12CO. It resides
on the border of the ring structure. The origin of this clump
could be attributed to the fragmentation of the collected shell.
Clump A is dense and massive enough to form massive stars.
We have detected more than 1,000 M⊙ molecular material
in a 2 pc region. It has a LTE mass higher than its virial
mass by a factor of three. There is no YSO candidate as-
sociated this clump. Near the peak position of 12CO emis-
sion, there is an 8.0 µm point source which spatially coincides
with IRAS 18122-1818 (IRAS 7 in this paper). We note that
IRAS 18122-1818 has IRAS colors of log(F25/F12) = 0.49
and log(F60/F12) = 1.17, resembling that of massive star-
forming regions (Palla et al. 1991). Toward IRAS 18122-
1818, Deguchi et al. (2001) tried to search for 86 GHz SiO
maser but reached negative results.
Clump B is the smallest in size. Near the central portion
of this clump, no YSOs have been detected. This indicates
that clump B would be at a very early stage of star formation.
As shown in Figure 12, there is an infrared bright rim on the
southeast side of this clump. This bright rim is a composition
of the ring structure. Intriguingly, the elongation of clump B
Fig. 12.— Close-up of clump B. (a) Velocity integrated intensity of 12CO
J = 1−0 overlayed on IRAC 8.0 µm mosaic. (b) Velocity integrated intensity
of 13CO J = 1 − 0 overlayed on that of 12CO J = 1 − 0 . The filled star
represents a Class I type protostar.
Fig. 13.— Close-up of clump E. The contours, background are the same as
that in Figure 12. The filed square, triangle, and star represent an IRAS, a
Class II, and a Class I sources.
is along the border of the ring. These features suggest that the
expansion of the ring structure is responsible for the formation
of clump B. Having equivalent virial and LTE masses, this
clump may be on the verge to collapse to form new stars.
Clumps C and D are more elongated than other ones with
aspect ratios larger than 2.5. These two clumps are spatially
associated with an 8.0 µm absorbtion structure, which was
identified by Peretto & Fuller (2009) as an infrared dark cloud
with an identifier of SDC G12.419-0.536. We haven’t iden-
tified any potential YSO toward the 13CO peaks of these two
clumps. This may suggest that they are in quite early stages
prior to the beginning of star formation. However, with LTE
and non-LTE masses higher than virial masses, clumps C &
D have potential to collapse to form new stars.
Clump E is the densest and most massive one. The col-
umn density is higher than 3× 1022 cm−2 and the LTE mass is
high up to more than 5,000 M⊙. Such high density and mass
assign it to be a massive star-forming clump. As shown in
Figure 13, there is a protostar associated with clump E. It is
spatially consistent with the molecular emission peak. This
clump shows strong PAH emission features. A symmetric
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hourglass-shaped bipolar structure have been revealed in the
8.0 µm band. The center of this bipolar structure is coincident
with the peak of molecular emission. This structure has been
proposed to be a massive outflow system by Yuan et al. (2012)
based on GLIMPSE data. The driving source of this outflow
is a Class I YSO, SSTGLMC G012.4013-00.4687. Toward
this source, Lim et al. (2012) have detected an H2 and a 22
GHz water maser emission features supporting outflow activ-
ities therein. However, we are unable to resolve this outflow
because of the relatively low spatial resolution of our obser-
vations. There is an IRAS point source, IRAS 18114-1825
(IRAS 3 in this paper), associated with the bipolar structure
and clump E. IRAS 18114-1825 has extraordinarily large in-
frared luminosity and IRAS colors fulfilling characteristics of
a massive star-forming region (Palla et al. 1991).
Clumps F-J have no reliable detections in 13CO. Among
these five clumps, only clump I has a non-LTE mass larger
than its virial mass. The other four clumps have volume
densities lower than 103 cm−3. Clumps G, H, and I are dis-
tributed along the border of the ring structure. There is IRAS
18123-1829 (IRAS 8) associated with clump H. IRAS 18123-
1829 has an infrared luminosity of larger than 3,800 L⊙ and
IRAS colors resembling that of massive star-forming regions
(Palla et al. 1991).
Although the distribution of YSOs suggests most of the ten
clumps are not in the place of active star formation, they still
could be in different stages. Clump E would be the most
evolved one associated with a protostar and showing features
of outflow activities. Associated with an IRAS point sources,
clumps A also shows a sign of star formation. Clumps B
and I have measured masses larger than their virial masses,
and they could be on the verge to collapse to form new stars.
Residing in an infrared cloud, clumps C and D could be in
an earlier stage. However, they have LTE masses larger than
their virial masses and still have potential to give birth to new
stars. Among the ten clumps, F, G, H, and J are the most
diffuse ones. They are still gravitationally unbound systems.
These four clumps need exterior pressures to help them col-
lapse. However, it is also possible for them to dissipate in the
long run.
4.3. An Expanding Ring
As shown in Figure 1, there is a ring structure showing
bright emission at 8.0 µm. This ring has been reproduced by
our PMO observations. In Figure 9(a), we present the com-
bined velocity integrated intensity (contours) of the 16.0 and
45.7 km s−1 components of 12CO J = 1 − 0 overlayed on
the Spitzer 8.0 µm image. Conspicuously, the ring structure
can be well outlined by the distribution of clumps A, B, G,
H, and I. As aforementioned in Section 3.1, clumps A and B
have line-of-sight velocity of about 16 km s−1, while clumps
G, H, and I are revealed at about 45.7 km s−1. The magnif-
icent association of these clumps with the ring traced by 8.0
µm suggests that the 16.0 and 45.7 km s−1 components are
both from a same structure. The velocity difference of these
two components could be explained with a hypothesis that
this ring structure is expanding with an inclination relative to
the plane of sky. Compared with the systemic velocity, the
north and south portions of the ring are blue and red shifted,
respectively.
To produce such an expanding ring, the exciting star(s)
may be born in a natal molecular cloud with flattened ge-
ometry. Such flattened clouds with enclosed ring-like bub-
bles have been well studied by Beaumont & Williams (2010).
They suggested that bubbles are formed in parent molecular
clouds with a typical thickness of a few parsecs. Addition-
ally, numerical studies have proposed that sheet-like molec-
ular clouds may be natural consequences of ISM evolution
in the Galaxy (Heitsch et al. 2005; Va´zquez-Semadeni et al.
2006, and references therein).
For the case in N6, an O type star (or cluster) formed in
an inclined oblate molecular cloud with a limited thickness.
The H ii region generated by the central O type star(s) ex-
panded to yield a bubble. When the diameter of the bub-
ble reached the thickness of the natal cloud, the bubble ex-
ploded along the flattened axis to result in a ring. Such ex-
plosion would lead to the ionization pressure to drop sharply
and cause the expansion to be halted. However, as suggested
by Beaumont & Williams (2010), the ring structure can fur-
ther expand under the influence of strong winds from the
exciting star(s). Simulations of H ii regions carried out by
Capriotti & Kozminski (2001) and Freyer et al. (2003, 2006)
indicates that stellar winds from the exciting star(s) would
strengthen with time. If this is true, the ring structure in N6
can hold on its expansion.
Liu et al. (2012) presented a similar expanding ring driven
by a Wolf-Rayet star. They developed a schematic model
to explain the geometry. Based on assumed isotropic stel-
lar winds, the elliptic morphology of the ring in Liu et al.
(2012) was successfully elucidated. Compared with the one in
Liu et al. (2012), the ring in this paper cannot rely on isotropic
stellar winds to maintain the expansion. Because, isotropic
stellar winds would lead to a velocity difference along the mi-
nor axis of the projected ring. This is conflict with the situa-
tion observed in N6, where we have detected prominent veloc-
ity difference along the major axis (NW-SE direction). How-
ever, this phenomenon can be straightforwardly explained if
the stellar winds are mainly constrained along the NW-SE ori-
entation. With an assumed inclination angle of 45◦, we esti-
mate that the central exciting star(s) started blowing strong
winds about 4 × 105 yr ago.
The ring is unclosed in the east. There are two possible
origins for this opening. A straightforward explanation comes
from the NW-SE oriented stellar winds, which have tore the
ring to destroy its completeness. Another possibility is that
the natal cloud is inhomogeneous with lower density in the
east, so that it is easier for the ring to be broken there.
4.4. Star Formation in N6
The 84 YSOs with valid modeled parameters have stellar
masses ranging from 1 to 16 M⊙. The number as a function of
stellar mass is shown in Figure 14. We note that the number of
YSOs M∗ < 3 M⊙ decreases sharply, indicating that sources
with M∗ < 3 M⊙ are far from complete in our sample. Given
that massive stars always disperse their disks quickly, massive
YSOs could be incomplete either. Thus, we speculate that
sources with masses in the range of 3-8 M⊙ could be relatively
more complete than both low- and high-mass ones.
Although most YSO candidates are dispersively distributed,
there still reside a small group of YSOs inside the ring struc-
ture (see Figure 9). Most of them concentrate in the north-
west of the cavity surrounded by bright 8.0 µm emission.
Among the 17 YSOs inside the green ellipse in Figure 9(b),
15 have valid SEDs. And nine of them have masses in the
range of 3-8 M⊙. With an assumed Shalpeter mass func-
tion of dN/dlog(M∗) ∝ MΓ∗ with Γ = −1.35, there could be
1209 YSOs with masses higher than 0.1 M⊙ inside the bubble.
Given that mass functions don’t necessarily to be universal
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Fig. 14.— The number of YSOs as a function of stellar mass.
in distinct regions (Offner et al. 2013, and reference therein),
the number derived here could be with large uncertainty. In
studies of M17 and W51, Povich et al. (2009) and Kang et al.
(2009) found that active star-forming regions have shallower
YSO mass functions with Γ = −1.2. If this is the case, the
number of YSOs with M∗ > 0.1 M⊙ would be 770. The cor-
responding surface density of YSOs in a 36 pc2 region (the
area of the green ellipse in Figure 9(b)) would be in the range
of 21 to 33 pc−2. This indicates that active star formation
have been taking place inside the bubble. The values of num-
ber and surface density of YSOs can only be lower limits.
We cannot ascertain the YSOs are 100% complete even for
sources with masses in the range of 3-8 M⊙. We treat any
unresolved multiple sources as single YSOs, which means
that only the most luminous component of a multiple sys-
tem has been sensitively detected, given that Ltot ∝ Mα∗ with
α > 2.5 for pre-main sequence stars (Bernasconi & Maeder
1996). Additionally, bright diffuse mid-IR emission near the
border of the ring could drastically reduces the sensitivity of
the GLIMPSE point-source detections.
We have inspected the age distribution of the YSOs to seek
for footprints of triggered star formation. The ages of the 87
YSOs with valid SED parameters have been coded in colors
in Figure 9(b). Although the ages of sources inside the large
ellipse in Figure 9(b) span from 2.0×104 yr to 6.0×106 yr, no
evident age gradient has been detected. Given the complexity
of this region, traces of triggered star formation, if any, would
have been obliterated in the long run. On the other hand, the
YSOs inside the bubble could have formed spontaneously.
Although it is not easy to convincingly detect triggered star
formation in such a complex region, the emersion of the bub-
ble and the expansion of the enclosed H ii region have in-
fluenced the natal cloud and probably star formation therein.
As aforementioned and shown in Figure 9(a), dense molecu-
lar gas has been accumulated along the ring border. Among
the 10 molecular clumps detected in this work, five are dis-
tributed on the shell. Four of them are elongated along the
ring. And the emersion of these clumps does not distort the
structure of the shell. This indicates that they may be formed
from collected material which moves at the same velocity as
the ionization and shock fronts (Deharveng et al. 2010). In
spite of no active star formation detected in these five clumps,
three of them have potential to collapse to serve as cradles for
new stars.
On the basis of a series of smoothed particle hydrodynamic
simulations of ionized-induced star formation in bound and
unbound systems, Dale et al. (2012, 2013) argued that trig-
gered stars tend to reside in bubble walls or pillars, while
spontaneously formed stars could be found both inside bubble
cavities and along bubble walls. In a recent study, Samal et al.
(2014) has observationally revealed the coexistence of trig-
gered and spontaneous star formation in the Galactic H ii com-
plex Sh2-90. Among the 99 YSOs identified in this work,
seven are well associated with the shell of N6 (see Figure
9). Their formation could have been triggered. The other
YSOs residing inside the cavity and beyond the shell are
most likely formed spontaneously. As argued in Dale et al.
(2013), the association of a YSO with a bubble wall can-
not guarantee it a triggered origin, because spontaneously
formed YSOs can also be found in bubble walls. Compared
to spontaneously formed ones, the triggered stars are always
among the youngest objects with strong accretion (Dale et al.
2013). We have tentatively obtained the ages of six among the
seven YSOs associated with the shell structure via fitting their
SEDs. As shown in Figure 9(b), most of them are relatively
evolved with ages larger than 1 Myr save the one associated
with Clump B. As a massive protostar (M∗ = 9.96±3.32 M⊙),
this source is still at a very early stage with a high accretion
rate ( ˙Menv = 5.9× 10−3 M⊙ yr−1) and a small age (∼ 2.0× 104
yr). The association with the bubble wall and a young nature
make it the most likely triggered object among the identified
YSOs.
5. CONCLUSIONS
We have carried out a multi-wavelength study of the in-
frared dust bubble N6. Observations in 12CO J = 1 − 0 and
13CO J = 1 − 0 obtained with the PMO 13.7-m telescope and
public survey data in the infrared to radio allow us to achieve
an extensive understanding of molecular conditions and star-
forming activities therein.
The bubble N6 shows a complex morphology in the mid-
infrared. It is composed of an extended ring in the northeast
and a filament in the southwest. There is a bipolar structure in
the interspace of the ring and filament, which has been recog-
nized by Yuan et al. (2012) as an bipolar outflow driven by a
massive protostar.
Observations of 12CO and 13CO have revealed four veloc-
ity components centered at 2.8, 16.0, 34.9, and 45.7 km s−1,
respectively. Comparison between distributions of each com-
ponent and the infrared emission of N6 suggests that the later
three components are correlated with the bubble. The 16.0
and 45.7 km s−1 components originate from the the expand-
ing ring, while the 34.9 km s−1 component is tracing the natal
cloud. The kinetic distance to N6 has been estimated to be
about 3.5 kpc using a systemic velocity of 34.9 km s−1.
Ten molecular clumps have been identified. Because of the
poor sensitivity of our PMO observations, only five of them
have reliable detections in both 12CO J = 1 − 0 and 13CO
J = 1 − 0. They have similar LTE and non-LTE masses rang-
ing from 200 to higher than 5,000 M⊙. The virial masses of
these five clumps are smaller than their gas masses, indicating
that they are gravitationally bound systems and would col-
lapse to form new stars. The other five ones can only be reli-
ably detected in 12CO J = 1 − 0. Using RADEX program, non-
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LTE parameters were estimated. Among these five clumps,
only clump I have a non-LTE mass larger than its virial mass.
Among the ten molecular clumps, five ones (A, B, G, H, and
I) are located on the border of the ring structure. And four of
them show elongations along the shell. This is consistent with
a collect and collapse scenario.
A velocity gradient along the NW-SE orientation for the
ring structure has been evidently detected with PMO observa-
tions. This indicates that it is still expanding. We suggest that
this ring was produced by an H ii region whose expansion has
been halted because of the broken of the ring. Stellar winds
from the exciting star(s) have been maintaining the expansion
of the ring.
On the basis of infrared color indices, 99 YSO candidates
have been identified and classified into Class I, Class II, and
“transition disk” categories. Spectral energy distributions of
87 YSOs were successfully fitted using an online tool. A
group of 17 YSOs reside inside the bubble. Based on the
number of sources with masses in the range of 3-8 M⊙, the
lower limits of number and surface density of YSOs are esti-
mated to be 770 and 21 pc−2, respectively. This indicates that
active star formation has been taking place in the bubble.
Although no convincing traces of induced star formation
have been detected in the bubble, the morphology and kine-
matics of molecular gas still reveals the influence of the feed-
back of central hot stars through the expansion of the enclosed
H ii region and intense stellar winds.
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TABLE 1
Molecular Clumps: Observational Results
Deconvolved Size 12CO (J=1-0) 13CO (J=1-0)
ID RA DEC Dma jor Dminor P.A.
∫
T ∗r dv T ∗r vlsr FWHM
∫
T ∗r dv T ∗r vlsr FWHM
(J2000) (J2000) (arcsec) (arcsec) (degree) (K km s−1) (K) (km s−1) (km s−1) (K km s−1) (K) (km s−1) (km s−1)
A 18h15m10.49s -18d17m31.2s 200.38 92.68 -70.1 23.65(2.62) 12.96 15.77(0.09) 1.71(0.18) 14.04(1.36) 9.64 15.52(0.05) 1.37(0.16)
B 18h14m48.14s -18d18m15.6s 111.63 64.19 30.9 26.87(1.51) 16.37 16.27(0.04) 1.54(0.11) 10.38(0.81) 8.10 16.15(0.05) 1.21(0.10)
C 18h14m27.51s -18d25m09.0s 410.92 127.07 51.4 22.37(1.06) 12.96 15.80(0.04) 1.62(0.08) 11.21(0.79) 5.03 15.56(0.07) 2.09(0.18)
D 18h14m44.56s -18d25m45.6s 185.51 69.01 71.2 18.32(0.94) 13.87 16.64(0.03) 1.24(0.08) 11.22(1.11) 7.83 16.52(0.06) 1.35(0.18)
E 18h14m24.28s -18d24m35.5s 288.32 141.89 -10.2 87.10(2.06) 26.23 46.04(0.04) 3.12(0.09) 28.74(0.94) 12.83 46.03(0.03) 2.10(0.08)
F 18h14m45.54s -18d27m03.2s 217.16 130.99 -46.4 35.79(1.86) 12.25 45.42(0.07) 2.75(0.16) · · · · · · · · · · · ·
G 18h14m56.68S -18d27m35.4s 131.35 99.39 27.7 35.02(2.89) 9.28 45.54(0.13) 3.55(0.40) · · · · · · · · · · · ·
H 18h15m17.80s -18d29m10.9s 193.64 127.21 49.8 33.36(1.56) 12.75 46.80(0.06) 2.46(0.14) · · · · · · · · · · · ·
I 18h15m35.23s -18d26m47.7s 283.47 120.88 75.3 34.26(1.51) 16.63 46.55(0.04) 1.94(0.10) · · · · · · · · · · · ·
J 1 8h15m05.19s -18d32m49.6s 161.82 78.64 -84.7 26.69(2.06) 8.23 47.26(0.12) 3.04(0.28) · · · · · · · · · · · ·
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TABLE 2
Molecular Clumps: Derived Parameters
LTE non-LTE
ID R τ(12CO) τ(13CO) Tex NH2 nH2 MLTE Tkin NH2 nH2 Tex(12CO) Tex(13CO) Mnon−LTE Mvir
(pc) (K) (1021 cm−2) (103 cm−3) (M⊙) (K) (1021 cm−2) (103 cm−3) (K) (K) (M⊙) (M⊙)
A 1.16 72.18 1.36 16.41 17.29 (1.67) 2.42 (0.34) 1054 (349) 15.84 (1.33) 26.55 (19.22) 3.72 (2.67) 15.77 (1.28) 14.24 (0.72) 1619 (1258) 456 (116)
B 0.72 36.19 0.68 19.85 10.69 (0.83) 2.41 (0.31) 252 (82) 20.37 (1.34) 8.54 (1.57) 1.93 (0.30) 19.82 (1.14) 15.70 (0.91) 201 (68) 221 (43)
C 1.94 26.03 0.49 16.41 9.54 (0.67) 0.80 (0.10) 1636 (530) 16.81 (0.80) 9.68 (1.51) 0.81 (0.10) 16.31 (0.69) 9.84 (0.59) 1660 (536) 1778 (354)
D 0.96 44.06 0.83 17.33 11.43 (1.13) 1.93 (0.27) 480 (159) 17.34 (1.30) 10.69 (2.26) 1.80 (0.34) 17.14 (1.22) 13.59 (0.87) 449 (159) 367 (105)
E 1.72 35.60 0.67 29.75 38.55 (1.26) 3.64 (0.38) 5177 (1646) 30.85 (1.19) 26.75 (3.53) 2.53 (0.22) 29.71 (0.99) 25.49 (1.02) 3593 (1122) 1589 (200)
F 1.44 · · · · · · · · · · · · · · · · · · · · · 1.75 0.21 · · · · · · 176 ≤2276
G 0.97 · · · · · · · · · · · · · · · · · · · · · 0.85 0.15 · · · · · · 39 ≤2562
H 1.33 · · · · · · · · · · · · · · · · · · · · · 1.89 0.28 · · · · · · 164 ≤1692
I 1.57 · · · · · · · · · · · · · · · · · · · · · 12.50 1.38 · · · · · · 1512 ≤1240
J 0.96 · · · · · · · · · · · · · · · · · · · · · 0.53 0.09 · · · · · · 24 ≤1871
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TABLE 3
IRAS Sources
IRAS Name F12 F25 F60 F100 fquala log( F25F12 ) log(
F60
F12
) LIR
(Jy) (Jy) (Jy) (Jy) (L⊙)
IRAS1 IRAS 18114-1817 1.6 6.2 27.4 296.2 3111 0.59 1.24 2805
IRAS2 IRAS 18114-1828 2.5 3.0 24.0 659.8 1311 0.07 0.98 5167
IRAS3 IRAS 18114-1825 7.2 22.1 339.0 659.8 2323 0.49 1.68 11586
IRAS4 IRAS 18118-1828 2.0 2.2 40.7 184.6 3121 0.03 1.31 2182
IRAS5 IRAS 18120-1834 2.5 2.6 52.4 645.4 3131 0.02 1.32 5543
IRAS6 IRAS 18121-1825 15.1 12.9 31.4 623.9 3311 -0.07 0.32 6446
IRAS7 IRAS 18122-1818 3.9 12.1 57.9 623.8 2311 0.49 1.17 5926
IRAS8 IRAS 18123-1829 4.2 5.5 75.3 302.1 1131 0.12 1.26 3861
IRAS9 IRAS 18126-1820 2.0 4.2 24.4 377.8 1311 0.33 1.10 3266
a Flux density quality: 1 for an upper limit, 2 for moderate quality and 3 for high quality. The four figures
for each source refer to the flux density quality of IRAS bands at 12, 25, 60 and 100 µm, respectively.
TABLE 4
Source Counts in the YSO Search
Sources N6 Target Field Control Field
In GLIMPSE Catalog 52737 42894
Valid in all Four IRAC Bandsa 7943 9078
With 24 µm data 491 534
Rejected Contaminants 2474 2332
Class I Type 27 11
Class II Type 48 19
Transition Disks 24 9
Total YSO Candidates 99 39
a Sources with photometric uncertainties no larger than 0.2 mag in
all four IRAC bands.
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TABLE 5
Magnitudes of YSO Candidates
No. GLIMPSE Designation R.A. Dec Magnitudes Class
(deg) (deg) J H Ks [3.6] [4.5] [5.8] [8.0] [24]
1 SSTGLMC G012.1558-00.4524 273.4635 -18.6197 · · · · · · · · · 12.19(0.09) 11.79(0.10) · · · · · · 5.90(0.02) TD
2 SSTGLMC G012.1903-00.5208 273.5443 -18.6221 · · · · · · 11.09(0.06) 7.98(0.04) 6.68(0.04) 5.67(0.03) 4.94(0.02) 3.85(0.01) I
3 SSTGLMC G012.2113-00.4422 273.4821 -18.5661 15.11(0.07) 13.77(0.08) 12.63(0.05) 11.12(0.04) 10.71(0.06) 10.35(0.05) 9.67(0.05) 6.69(0.01) II
4 SSTGLMC G012.2166-00.6754 273.7009 -18.6728 13.93(0.04) 12.80(0.03) 11.91(0.03) 10.52(0.04) 10.00(0.05) 9.85(0.05) 8.70(0.03) 6.38(0.01) II
5 SSTGLMC G012.2518-00.4213 273.4831 -18.5205 · · · · · · · · · 13.63(0.14) 12.98(0.17) · · · · · · 6.90(0.06) TD
6 SSTGLMC G012.2552-00.4189 273.4826 -18.5163 · · · · · · · · · 12.85(0.11) · · · 10.27(0.07) 9.86(0.06) 5.37(0.01) TD
7 SSTGLMC G012.2580-00.4010 273.4674 -18.5053 · · · · · · 11.35(0.03) 8.39(0.04) 6.90(0.04) 5.67(0.03) 4.96(0.03) 3.19(0.01) I
8 SSTGLMC G012.2724-00.7510 273.7990 -18.6599 · · · · · · · · · · · · 12.76(0.12) 11.83(0.20) · · · 6.33(0.01) I
9 SSTGLMC G012.2765-00.4952 273.5640 -18.5341 14.34(0.04) 10.96(0.04) 9.01(0.02) 7.34(0.04) 7.04(0.05) 6.46(0.03) 6.37(0.04) 4.24(0.04) TD
10 SSTGLMC G012.2830-00.4240 273.5013 -18.4943 14.22(0.06) 12.70(0.05) 11.41(0.02) 9.74(0.05) 9.12(0.05) 8.56(0.05) 8.09(0.13) · · · II
11 SSTGLMC G012.2860-00.7170 273.7744 -18.6317 14.87(0.06) 12.13(0.04) 10.75(0.03) 9.86(0.05) 9.47(0.04) 9.14(0.04) 8.82(0.03) 7.92(0.03) II
12 SSTGLMC G012.2895-00.4155 273.4968 -18.4846 · · · · · · 10.16(0.04) 9.63(0.10) 9.50(0.10) 9.42(0.07) 9.38(0.10) 5.07(0.07) TD
13 SSTGLMC G012.2928-00.6253 273.6928 -18.5820 11.82(0.03) 11.24(0.03) 10.79(0.03) 9.88(0.04) 9.31(0.05) 8.94(0.04) 8.42(0.03) 6.20(0.05) II
14 SSTGLMC G012.2996-00.7533 273.8149 -18.6370 14.20(0.07) 13.18(0.04) 12.49(0.04) 11.41(0.06) 10.95(0.08) 10.47(0.06) 10.04(0.04) · · · II
15 SSTGLMC G012.3229-00.5444 273.6330 -18.5168 13.90(0.02) 12.38(0.03) 11.10(0.03) 9.56(0.04) 9.16(0.05) 8.82(0.03) 8.01(0.03) 4.97(0.01) II
16 SSTGLMC G012.3241-00.8220 273.8910 -18.6483 12.21(0.03) 11.92(0.05) 11.74(0.06) 11.77(0.05) 11.71(0.07) 11.37(0.13) 10.64(0.16) 6.37(0.04) TD
17 SSTGLMC G012.3247-00.3766 273.4785 -18.4351 13.24(0.03) 12.86(0.05) 12.68(0.03) 12.46(0.07) 12.55(0.12) · · · · · · 6.54(0.07) TD
18 SSTGLMC G012.3251-00.3570 273.4606 -18.4254 · · · · · · 12.81(0.06) 11.50(0.07) 11.25(0.09) 10.82(0.08) 9.84(0.05) 6.84(0.04) TD
19 SSTGLMC G012.3297-00.5608 273.6516 -18.5187 14.69(0.04) 13.35(0.05) 12.68(0.04) 11.94(0.09) 11.67(0.19) · · · · · · 5.96(0.07) TD
20 SSTGLMC G012.3338-00.4337 273.5360 -18.4544 · · · · · · · · · 7.46(0.04) 6.96(0.04) 6.55(0.04) 6.20(0.03) 4.12(0.01) II
21 SSTGLMC G012.3433-00.3682 273.4801 -18.4147 · · · · · · · · · 12.54(0.07) 11.86(0.10) 11.30(0.09) 10.55(0.06) 7.83(0.03) II
22 SSTGLMC G012.3440-00.4630 273.5682 -18.4594 · · · 13.77(0.04) 12.03(0.03) 10.42(0.05) 9.57(0.04) 8.79(0.04) 7.98(0.04) 5.10(0.01) I
23 SSTGLMC G012.3656-00.7819 273.8747 -18.5927 · · · · · · · · · 13.41(0.09) 12.41(0.14) 11.51(0.10) 11.28(0.11) · · · I
24 SSTGLMC G012.3705-00.6979 273.7993 -18.5483 · · · · · · 13.28(0.06) 11.51(0.08) 10.95(0.07) 10.24(0.06) 9.81(0.10) · · · II
25 SSTGLMC G012.3708-00.5386 273.6517 -18.4720 13.13(0.03) 12.50(0.03) 12.20(0.05) 11.79(0.06) 11.80(0.08) 11.54(0.11) · · · 6.90(0.05) TD
26 SSTGLMC G012.3714-00.5470 273.6599 -18.4755 · · · · · · · · · 12.74(0.13) 12.71(0.19) · · · · · · 6.26(0.08) TD
27 SSTGLMC G012.3721-00.6845 273.7876 -18.5406 · · · 11.70(0.04) 9.88(0.03) 8.66(0.05) 8.46(0.05) 8.01(0.03) 7.75(0.03) 5.75(0.04) TD
28 SSTGLMC G012.3818-00.3029 273.4391 -18.3496 · · · · · · · · · 7.78(0.05) 6.51(0.04) 5.44(0.03) 4.63(0.02) 1.07(0.03) I
29 SSTGLMC G012.3949-00.8152 273.9203 -18.5828 · · · · · · · · · 12.88(0.06) 11.36(0.08) 10.57(0.09) 10.02(0.07) 5.68(0.01) I
30 SSTGLMC G012.3957-00.6496 273.7672 -18.5032 · · · · · · · · · 10.93(0.04) 10.19(0.06) 9.51(0.05) 8.81(0.04) 6.51(0.04) II
31 SSTGLMC G012.4008-00.8152 273.9232 -18.5776 · · · · · · · · · 8.38(0.05) 7.56(0.08) 7.02(0.04) 6.34(0.02) 3.75(0.01) II
32 SSTGLMC G012.4009-00.3449 273.4876 -18.3530 · · · · · · · · · 9.65(0.12) 8.11(0.06) 6.86(0.03) 5.82(0.03) 2.95(0.01) I
33 SSTGLMC G012.4013-00.4687 273.6023 -18.4119 · · · 13.55(0.09) 11.48(0.04) 8.57(0.11) 6.92(0.07) 5.62(0.03) 5.03(0.04) 1.68(0.03) I
34 SSTGLMC G012.4048-00.4216 273.5605 -18.3862 · · · · · · · · · 11.21(0.05) 10.33(0.05) 9.52(0.05) 8.84(0.03) 5.57(0.01) I
35 SSTGLMC G012.4068-00.4590 273.5962 -18.4024 · · · 14.29(0.04) 12.49(0.04) 10.85(0.04) 10.11(0.04) 9.52(0.05) 9.02(0.08) 5.29(0.07) II
36 SSTGLMC G012.4084-00.8157 273.9275 -18.5712 · · · · · · 12.12(0.03) 8.56(0.05) 7.56(0.04) 6.74(0.04) 6.29(0.03) 3.48(0.01) I
37 SSTGLMC G012.4156-00.7077 273.8310 -18.5133 · · · · · · · · · 12.15(0.08) 10.92(0.07) 9.83(0.06) 10.15(0.14) · · · I
38 SSTGLMC G012.4211-00.2795 273.4373 -18.3040 15.34(0.06) 13.67(0.03) 12.61(0.03) 11.47(0.05) 10.92(0.06) 10.44(0.07) 9.94(0.05) · · · II
39 SSTGLMC G012.4304-00.3739 273.5293 -18.3410 · · · · · · · · · 13.24(0.14) 13.11(0.14) · · · · · · 6.96(0.04) TD
40 SSTGLMC G012.4388-00.3273 273.4904 -18.3113 13.91(0.05) 12.70(0.06) 11.82(0.05) 10.94(0.04) 10.81(0.08) 10.47(0.11) · · · 6.53(0.03) TD
41 SSTGLMC G012.4389-00.3958 273.5539 -18.3440 · · · · · · · · · 11.83(0.15) · · · 9.31(0.04) 9.08(0.05) 5.03(0.03) TD
42 SSTGLMC G012.4394-00.2700 273.4377 -18.2833 · · · 13.80(0.04) 11.76(0.02) 9.70(0.03) 9.06(0.05) 8.55(0.04) 7.81(0.03) 4.73(0.01) II
43 SSTGLMC G012.4470-00.3387 273.5051 -18.3096 13.30(0.02) 12.12(0.03) 11.12(0.02) 9.91(0.06) 9.51(0.05) 9.22(0.05) 8.54(0.04) 6.60(0.01) II
44 SSTGLMC G012.4532-00.5462 273.7003 -18.4033 14.65(0.04) 13.70(0.03) 13.16(0.03) 12.18(0.05) 11.58(0.06) 11.05(0.08) 9.87(0.12) · · · II
45 SSTGLMC G012.4558-00.5469 273.7022 -18.4013 · · · 14.24(0.06) 13.12(0.05) 11.48(0.07) 10.87(0.07) 10.30(0.07) 9.72(0.16) · · · II
46 SSTGLMC G012.4612-00.6208 273.7734 -18.4318 12.66(0.06) 11.67(0.05) 11.06(0.06) 10.92(0.09) 10.76(0.09) 10.56(0.10) · · · 5.85(0.06) TD
47 SSTGLMC G012.4631-00.6897 273.8382 -18.4630 13.45(0.04) 10.57(0.03) 9.24(0.03) 8.13(0.04) 8.03(0.05) 7.61(0.03) 7.41(0.03) 5.23(0.03) TD
48 SSTGLMC G012.4642-00.5157 273.6775 -18.3790 13.32(0.03) 11.94(0.05) 10.77(0.05) 8.96(0.05) 8.55(0.05) 8.23(0.04) 7.43(0.03) 4.16(0.01) II
49 SSTGLMC G012.4668-00.3821 273.5552 -18.3129 · · · 13.62(0.03) 11.18(0.02) 8.89(0.04) 8.26(0.05) 7.63(0.04) 7.29(0.03) 6.07(0.01) II
50 SSTGLMC G012.4730-00.8029 273.9480 -18.5083 · · · · · · · · · 13.31(0.12) 12.11(0.10) 11.30(0.11) 10.95(0.09) · · · I
51 SSTGLMC G012.4742-00.4138 273.5883 -18.3216 14.65(0.05) 13.36(0.07) 12.36(0.06) 11.30(0.06) 10.71(0.06) 10.17(0.06) 9.35(0.04) 6.34(0.01) II
52 SSTGLMC G012.4800-00.5170 273.6867 -18.3657 13.47(0.05) · · · 11.21(0.07) 9.92(0.05) 9.53(0.05) 9.14(0.05) 8.15(0.03) 5.03(0.02) II
53 SSTGLMC G012.4810-00.4993 273.6709 -18.3565 · · · · · · · · · 12.14(0.07) 11.43(0.09) 10.74(0.12) 10.07(0.12) · · · II
54 SSTGLMC G012.4845-00.5614 273.7301 -18.3831 15.30(0.06) 14.04(0.06) 12.88(0.05) 11.78(0.07) 11.32(0.09) 10.94(0.10) 10.43(0.07) · · · II
22
Y
u
an
et
al
.
TABLE 5 — Continued
No. GLIMPSE Designation R.A. Dec Magnitudes Class
(deg) (deg) J H Ks [3.6] [4.5] [5.8] [8.0] [24]
55 SSTGLMC G012.4858-00.3729 273.5563 -18.2918 · · · · · · · · · 12.08(0.06) 10.85(0.07) 10.04(0.07) 10.17(0.10) · · · I
56 SSTGLMC G012.4861-00.5444 273.7151 -18.3735 14.62(0.04) 12.92(0.04) 11.73(0.04) 10.21(0.05) 9.79(0.05) 9.29(0.04) 8.98(0.04) · · · II
57 SSTGLMC G012.4868-00.5192 273.6922 -18.3609 14.35(0.03) 13.44(0.04) 12.76(0.05) 11.94(0.06) 11.61(0.07) 11.42(0.14) 10.77(0.12) · · · II
58 SSTGLMC G012.4878-00.3868 273.5701 -18.2967 · · · · · · · · · 12.33(0.07) 11.44(0.05) 10.71(0.07) 10.64(0.07) · · · I
59 SSTGLMC G012.4916-00.5495 273.7226 -18.3711 · · · · · · · · · 11.11(0.19) 10.59(0.07) 10.22(0.08) 9.58(0.03) 6.48(0.04) II
60 SSTGLMC G012.4972-00.5914 273.7642 -18.3862 · · · · · · · · · 12.18(0.06) 11.77(0.08) 11.63(0.14) 10.94(0.11) · · · II
61 SSTGLMC G012.5019-00.2938 273.4912 -18.2399 · · · · · · 12.93(0.06) 10.93(0.05) 10.44(0.07) 9.86(0.07) 8.86(0.04) 6.21(0.02) II
62 SSTGLMC G012.5034-00.2780 273.4773 -18.2310 · · · · · · · · · 11.87(0.07) 11.21(0.08) 10.86(0.09) 10.21(0.09) · · · II
63 SSTGLMC G012.5053-00.5584 273.7378 -18.3633 14.64(0.05) 13.50(0.06) 12.76(0.05) 11.98(0.06) 11.70(0.08) 11.29(0.10) 10.77(0.10) · · · II
64 SSTGLMC G012.5068-00.5370 273.7187 -18.3518 · · · · · · 12.34(0.08) 11.10(0.08) 10.54(0.06) 10.17(0.07) 9.49(0.04) · · · II
65 SSTGLMC G012.5144-00.5276 273.7138 -18.3406 · · · · · · · · · 12.49(0.08) 12.38(0.12) · · · · · · 5.07(0.09) TD
66 SSTGLMC G012.5178-00.5884 273.7718 -18.3666 · · · 13.25(0.06) 12.27(0.05) 10.87(0.05) 10.40(0.05) 9.94(0.05) 9.15(0.03) 7.23(0.02) II
67 SSTGLMC G012.5196-00.2805 273.4878 -18.2180 · · · · · · · · · 12.39(0.08) 12.00(0.07) 11.75(0.17) 11.22(0.12) · · · II
68 SSTGLMC G012.5211-00.2903 273.4977 -18.2213 · · · · · · · · · 12.59(0.07) 11.95(0.10) 11.25(0.10) 10.80(0.20) · · · II
69 SSTGLMC G012.5226-00.6626 273.8429 -18.3978 13.70(0.03) 12.60(0.03) 12.03(0.03) 11.64(0.04) 11.35(0.08) 11.26(0.07) 10.63(0.09) 7.03(0.02) TD
70 SSTGLMC G012.5291-00.5033 273.6987 -18.3161 · · · · · · · · · 12.52(0.06) 11.19(0.06) 10.27(0.08) 10.22(0.14) · · · I
71 SSTGLMC G012.5302-00.2865 273.4987 -18.2115 · · · · · · 13.66(0.05) 11.87(0.06) 11.21(0.07) 10.66(0.08) 9.77(0.06) · · · II
72 SSTGLMC G012.5318-00.5671 273.7591 -18.3441 12.28(0.04) 11.92(0.05) 11.83(0.04) 11.67(0.05) 11.60(0.09) 11.55(0.11) · · · 6.01(0.05) TD
73 SSTGLMC G012.5337-00.3689 273.5767 -18.2479 15.56(0.08) 14.29(0.08) 13.27(0.06) 11.70(0.05) 11.22(0.08) 11.03(0.09) 10.39(0.05) · · · II
74 SSTGLMC G012.5348-00.2775 273.4928 -18.2032 · · · · · · 13.11(0.09) 11.77(0.05) 11.37(0.07) 11.12(0.09) 10.51(0.06) · · · II
75 SSTGLMC G012.5354-00.2882 273.5029 -18.2077 · · · · · · · · · 12.77(0.07) 12.04(0.09) 11.19(0.10) 10.52(0.11) · · · I
76 SSTGLMC G012.5370-00.2619 273.4794 -18.1938 · · · · · · · · · 12.65(0.09) 11.18(0.08) 10.01(0.05) 9.25(0.04) 6.04(0.01) I
77 SSTGLMC G012.5457-00.3492 273.5645 -18.2278 · · · · · · · · · 12.12(0.07) 11.34(0.07) 10.76(0.08) 9.94(0.04) 6.89(0.01) II
78 SSTGLMC G012.5511-00.7343 273.9237 -18.4069 14.07(0.06) 10.57(0.03) 8.81(0.03) 8.06(0.03) 7.23(0.05) 6.36(0.03) 5.65(0.03) 3.80(0.01) I
79 SSTGLMC G012.5546-00.3441 273.5643 -18.2176 · · · · · · · · · 13.91(0.09) 12.27(0.10) 11.21(0.11) 9.94(0.06) 5.86(0.04) I
80 SSTGLMC G012.5567-00.3507 273.5715 -18.2190 · · · · · · · · · 11.96(0.15) 10.56(0.10) 9.93(0.06) 9.39(0.11) 5.35(0.02) II
81 SSTGLMC G012.5568-00.3255 273.5482 -18.2068 · · · · · · · · · 12.62(0.09) 10.88(0.07) 9.78(0.05) 9.25(0.04) 6.82(0.02) I
82 SSTGLMC G012.5603-00.5526 273.7600 -18.3122 · · · · · · 13.60(0.05) 11.99(0.07) 12.24(0.16) · · · · · · 8.34(0.13) TD
83 SSTGLMC G012.5740-00.4642 273.6851 -18.2580 · · · 12.41(0.03) 9.95(0.03) 7.50(0.04) 7.03(0.05) 6.51(0.04) 6.16(0.03) 4.75(0.01) II
84 SSTGLMC G012.5931-00.3788 273.6157 -18.2004 · · · · · · · · · 13.55(0.14) 11.55(0.10) 10.48(0.08) 9.95(0.10) 6.14(0.04) I
85 SSTGLMC G012.5961-00.3931 273.6305 -18.2046 13.27(0.03) 11.99(0.03) 11.00(0.03) 9.58(0.05) 9.13(0.05) 8.82(0.04) 7.86(0.04) 4.69(0.01) II
86 SSTGLMC G012.5993-00.7147 273.9297 -18.3552 · · · · · · · · · 13.13(0.09) 12.06(0.14) 11.16(0.10) 10.13(0.06) 6.65(0.02) I
87 SSTGLMC G012.6030-00.6490 273.8707 -18.3207 13.09(0.05) 10.20(0.03) 8.77(0.02) 7.87(0.04) 7.85(0.05) 7.44(0.03) 7.04(0.03) 1.47(0.01) TD
88 SSTGLMC G012.6222-00.7156 273.9420 -18.3355 · · · · · · · · · 13.01(0.09) 12.31(0.12) 11.81(0.12) 11.10(0.08) · · · II
89 SSTGLMC G012.6250-00.7071 273.9356 -18.3290 · · · · · · · · · 13.53(0.10) 11.80(0.10) 10.88(0.08) 11.26(0.14) · · · I
90 SSTGLMC G012.6293-00.6434 273.8787 -18.2949 15.52(0.06) 13.88(0.07) 12.87(0.07) 11.73(0.05) 11.36(0.05) 10.87(0.08) 10.57(0.05) 7.43(0.02) II
91 SSTGLMC G012.6303-00.7119 273.9427 -18.3266 · · · · · · · · · 11.87(0.09) 10.49(0.08) 9.77(0.10) 9.97(0.06) · · · I
92 SSTGLMC G012.6437-00.6625 273.9037 -18.2913 · · · 14.04(0.04) 10.63(0.03) 7.65(0.04) 6.58(0.04) 5.78(0.03) 5.31(0.02) 4.88(0.01) I
93 SSTGLMC G012.6659-00.5813 273.8397 -18.2330 15.37(0.07) 12.22(0.02) 10.54(0.02) 9.60(0.06) 9.27(0.05) 8.82(0.03) 8.48(0.03) 6.29(0.01) II
94 SSTGLMC G012.6665-00.5085 273.7726 -18.1978 15.05(0.04) 11.30(0.02) 9.35(0.02) 7.59(0.04) 7.30(0.05) 6.98(0.04) 6.70(0.03) 6.11(0.03) II
95 SSTGLMC G012.6706-00.5677 273.8294 -18.2224 · · · · · · · · · 11.89(0.09) 11.57(0.13) · · · · · · 5.91(0.06) TD
96 SSTGLMC G012.7060-00.6418 273.9158 -18.2267 · · · · · · 12.94(0.02) 9.33(0.04) 8.53(0.05) 7.80(0.04) 7.82(0.03) · · · I
97 SSTGLMC G012.7171-00.5947 273.8777 -18.1945 · · · · · · · · · 13.27(0.11) 13.13(0.16) · · · · · · 7.29(0.02) TD
98 SSTGLMC G012.7202-00.6177 273.9006 -18.2027 12.89(0.05) 11.16(0.04) 10.19(0.03) 9.02(0.04) 8.39(0.04) 7.72(0.03) 6.75(0.03) 4.76(0.01) II
99 SSTGLMC G012.7403-00.6483 273.9390 -18.1996 · · · · · · 12.07(0.06) 11.42(0.04) 11.05(0.05) 10.50(0.08) 9.70(0.04) 7.38(0.04) II
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TABLE 6
Model Parameters of YSO Candidates
No. GLIMPSE Designation M∗ log(T∗) log(L∗) log( ˙Menv) log(Mdisk) log(Age) Stage
(M⊙) (log(K)) (log(L⊙)) (log(M⊙ yr−1)) (log(M⊙) (log(yr))
1 SSTGLMC G012.1558-00.4524 2.34(1.06) 3.71(0.15) 1.37(0.36) -5.77(1.34) -2.99(1.54) 5.53(0.49) II
2 SSTGLMC G012.1903-00.5208 11.47(0.01) 4.44(0.01) 3.98(0.01) ≤ −9.00 -5.63(0.01) 6.26(0.01) III
3 SSTGLMC G012.2113-00.4422 2.87(0.05) 4.06(0.01) 1.79(0.03) ≤ −9.00 -2.63(0.42) 6.78(0.16) II
4 SSTGLMC G012.2166-00.6754 3.42(0.01) 4.11(0.01) 2.07(0.01) ≤ −9.00 -4.65(0.01) 6.58(0.01) II
6 SSTGLMC G012.2552-00.4189 3.04(0.59) 3.65(0.01) 1.84(0.05) -3.94(0.08) -1.05(0.21) 4.90(0.16) 0/I
7 SSTGLMC G012.2580-00.4010 9.28(0.01) 4.39(0.01) 3.69(0.01) ≤ −9.00 -5.11(0.01) 6.40(0.01) III
9 SSTGLMC G012.2765-00.4952 9.75(0.01) 4.40(0.01) 3.76(0.01) ≤ −9.00 -5.72(0.01) 6.25(0.01) III
10 SSTGLMC G012.2830-00.4240 4.55(0.83) 3.97(0.22) 2.34(0.14) -7.17(2.39) -2.09(0.82) 5.99(0.64) II
11 SSTGLMC G012.2860-00.7170 14.60(0.01) 4.49(0.01) 4.28(0.01) ≤ −9.00 -8.04(0.01) 6.11(0.01) III
12 SSTGLMC G012.2895-00.4155 4.86(0.01) 3.72(0.01) 2.01(0.01) -6.02(0.01) -4.35(0.01) 5.56(0.01) II
13 SSTGLMC G012.2928-00.6253 3.99(0.01) 3.85(0.01) 2.08(0.01) ≤ −9.00 -2.11(0.01) 6.01(0.01) II
14 SSTGLMC G012.2996-00.7533 3.22(0.14) 3.81(0.06) 1.66(0.14) -8.79(0.28) -2.21(0.43) 6.22(0.11) II
15 SSTGLMC G012.3229-00.5444 4.72(0.01) 4.20(0.01) 2.59(0.01) ≤ −9.00 -3.06(0.01) 6.56(0.01) II
16 SSTGLMC G012.3241-00.8220 3.68(0.01) 3.98(0.01) 2.25(0.01) ≤ −9.00 -5.79(0.01) 6.17(0.01) III
17 SSTGLMC G012.3247-00.3766 3.24(0.01) 4.03(0.01) 2.16(0.01) ≤ −9.00 -6.86(0.01) 6.34(0.01) III
18 SSTGLMC G012.3251-00.3570 3.17(0.40) 4.00(0.12) 1.84(0.24) -8.84(0.30) -4.21(1.23) 6.61(0.25) II
19 SSTGLMC G012.3297-00.5608 2.16(1.02) 3.65(0.03) 1.21(0.18) -5.39(0.50) -2.85(1.23) 5.44(0.29) 0/I
20 SSTGLMC G012.3338-00.4337 4.62(0.01) 4.20(0.01) 3.06(0.01) ≤ −9.00 -1.08(0.01) 6.25(0.01) II
21 SSTGLMC G012.3433-00.3682 2.92(0.57) 3.83(0.13) 1.51(0.21) -8.33(1.11) -3.12(0.88) 6.31(0.37) II
22 SSTGLMC G012.3440-00.4630 4.05(0.21) 4.16(0.01) 2.35(0.07) ≤ −9.00 -2.95(0.40) 6.42(0.11) II
24 SSTGLMC G012.3705-00.6979 3.20(1.18) 3.72(0.10) 1.75(0.22) -5.51(1.31) -2.29(0.88) 5.37(0.54) II
25 SSTGLMC G012.3708-00.5386 3.56(0.03) 3.81(0.01) 1.82(0.07) -8.77(0.32) -5.72(0.02) 6.10(0.02) III
27 SSTGLMC G012.3721-00.6845 4.28(0.01) 4.18(0.01) 2.44(0.01) ≤ −9.00 -1.23(0.01) 6.40(0.01) II
28 SSTGLMC G012.3818-00.3029 11.19(0.10) 4.42(0.02) 3.97(0.03) -8.82(0.26) -0.49(0.01) 6.22(0.06) II
29 SSTGLMC G012.3949-00.8152 3.35(0.43) 3.64(0.01) 1.90(0.14) -3.74(0.23) -1.55(0.65) 4.85(0.16) 0/I
30 SSTGLMC G012.3957-00.6496 3.82(0.49) 4.14(0.04) 2.25(0.19) -9.00(0.01) -2.88(1.23) 6.65(0.23) II
31 SSTGLMC G012.4008-00.8152 6.28(0.89) 4.28(0.04) 3.10(0.15) ≤ −9.00 -2.31(0.65) 6.41(0.16) II
32 SSTGLMC G012.4009-00.3449 5.95(0.28) 3.91(0.30) 2.88(0.15) -5.57(2.84) -2.01(0.43) 4.68(1.37) II
33 SSTGLMC G012.4013-00.4687 7.69(0.03) 3.63(0.01) 3.03(0.01) -2.52(0.01) -1.37(0.01) 3.62(0.01) 0/I
34 SSTGLMC G012.4048-00.4216 3.63(0.31) 4.11(0.03) 2.23(0.08) -8.98(0.03) -1.69(0.56) 6.51(0.16) II
35 SSTGLMC G012.4068-00.4590 4.69(0.50) 3.83(0.09) 2.20(0.04) -5.70(1.58) -2.31(0.34) 5.74(0.26) II
36 SSTGLMC G012.4084-00.8157 8.07(0.95) 4.35(0.04) 3.44(0.21) ≤ −9.00 -2.25(0.08) 6.57(0.02) II
37 SSTGLMC G012.4156-00.7077 13.72(3.98) 3.74(0.12) 3.73(0.23) -2.82(0.29) -1.03(0.94) 3.90(0.49) 0/I
38 SSTGLMC G012.4211-00.2795 3.12(0.93) 3.71(0.07) 1.61(0.20) -6.30(1.89) -2.63(1.19) 5.60(0.45) II
39 SSTGLMC G012.4304-00.3739 1.54(1.00) 3.66(0.12) 0.93(0.39) -6.20(1.28) -3.51(1.35) 5.49(0.49) II
40 SSTGLMC G012.4388-00.3273 3.94(0.53) 4.13(0.05) 2.27(0.21) -8.88(0.23) -5.17(0.89) 6.63(0.21) II
41 SSTGLMC G012.4389-00.3958 2.41(1.17) 3.63(0.02) 1.85(0.02) -3.88(0.01) -1.50(0.63) 3.97(0.85) 0/I
42 SSTGLMC G012.4394-00.2700 4.83(0.12) 4.20(0.01) 2.64(0.02) ≤ −9.00 -2.84(0.11) 6.51(0.10) II
43 SSTGLMC G012.4470-00.3387 3.73(0.13) 4.14(0.01) 2.21(0.04) ≤ −9.00 -3.24(0.55) 6.64(0.02) II
44 SSTGLMC G012.4532-00.5462 2.32(0.23) 3.77(0.04) 1.25(0.15) -8.87(0.16) -2.46(0.47) 6.52(0.16) II
45 SSTGLMC G012.4558-00.5469 3.03(0.99) 3.83(0.17) 1.73(0.22) -7.02(2.01) -2.73(1.20) 5.92(0.71) II
46 SSTGLMC G012.4612-00.6208 2.35(0.32) 3.65(0.01) 1.46(0.02) -5.37(0.31) -3.09(0.13) 5.29(0.05) 0/I
47 SSTGLMC G012.4631-00.6897 7.31(0.01) 4.33(0.01) 3.30(0.01) ≤ −9.00 -5.08(0.01) 6.28(0.01) II
48 SSTGLMC G012.4642-00.5157 4.51(0.01) 4.05(0.01) 2.61(0.01) -7.81(0.01) -4.91(0.01) 5.95(0.01) II
49 SSTGLMC G012.4668-00.3821 9.63(0.01) 4.40(0.01) 3.74(0.01) ≤ −9.00 -7.03(0.01) 6.48(0.01) III
50 SSTGLMC G012.4730-00.8029 4.36(3.12) 3.65(0.05) 2.06(0.73) -4.06(0.57) -1.85(0.91) 4.64(0.65) 0/I
51 SSTGLMC G012.4742-00.4138 3.02(0.38) 3.99(0.10) 1.79(0.19) -8.81(0.36) -3.62(0.66) 6.58(0.20) II
52 SSTGLMC G012.4800-00.5170 3.53(0.34) 4.10(0.05) 2.09(0.14) -8.82(0.41) -2.41(0.73) 6.78(0.19) II
54 SSTGLMC G012.4845-00.5614 2.84(0.61) 3.79(0.14) 1.55(0.16) -7.18(1.97) -2.80(1.05) 5.99(0.62) II
55 SSTGLMC G012.4858-00.3729 11.62(2.59) 3.85(0.19) 3.63(0.22) -3.02(0.39) -0.97(0.83) 4.28(0.58) 0/I
56 SSTGLMC G012.4861-00.5444 4.08(0.16) 3.65(0.01) 2.02(0.01) -4.46(0.02) -3.10(0.06) 5.00(0.02) 0/I
57 SSTGLMC G012.4868-00.5192 2.92(0.42) 3.93(0.11) 1.75(0.34) -8.91(0.24) -4.83(1.99) 6.46(0.16) II
58 SSTGLMC G012.4878-00.3868 8.30(3.26) 3.70(0.07) 2.95(0.65) -3.51(0.56) -1.67(0.77) 4.33(0.55) 0/I
59 SSTGLMC G012.4916-00.5495 3.86(0.50) 3.74(0.04) 1.74(0.14) -6.72(0.89) -2.64(0.94) 5.81(0.17) II
61 SSTGLMC G012.5019-00.2938 3.78(0.60) 4.13(0.05) 2.22(0.26) -9.00(0.01) -4.34(0.39) 6.46(0.26) II
63 SSTGLMC G012.5053-00.5584 2.69(0.60) 3.69(0.04) 1.26(0.14) -6.54(1.32) -2.82(1.01) 5.73(0.28) II
64 SSTGLMC G012.5068-00.5370 3.31(0.82) 3.80(0.17) 1.77(0.15) -6.63(1.95) -2.59(0.98) 5.81(0.70) II
65 SSTGLMC G012.5144-00.5276 2.08(1.06) 3.67(0.10) 1.31(0.30) -5.50(1.29) -2.88(1.13) 5.31(0.48) 0/I
66 SSTGLMC G012.5178-00.5884 3.11(0.35) 4.02(0.09) 1.93(0.16) ≤ −9.00 -4.47(0.95) 6.57(0.18) II
69 SSTGLMC G012.5226-00.6626 3.85(0.02) 3.74(0.01) 1.69(0.05) -6.40(0.12) -5.82(0.25) 5.91(0.03) III
70 SSTGLMC G012.5291-00.5033 9.96(3.32) 3.77(0.19) 3.25(0.52) -3.23(0.41) -1.21(0.82) 4.30(0.59) 0/I
71 SSTGLMC G012.5302-00.2865 3.03(0.92) 3.81(0.18) 1.72(0.21) -6.69(2.02) -2.95(1.27) 5.80(0.76) II
72 SSTGLMC G012.5318-00.5671 3.56(0.01) 3.77(0.01) 1.73(0.01) ≤ −9.00 -4.85(0.01) 6.08(0.01) II
73 SSTGLMC G012.5337-00.3689 3.05(0.83) 3.68(0.03) 1.61(0.13) -5.21(0.32) -2.98(1.09) 5.36(0.20) 0/I
74 SSTGLMC G012.5348-00.2775 2.62(1.03) 3.67(0.05) 1.45(0.21) -5.54(1.00) -2.55(0.83) 5.42(0.36) 0/I
76 SSTGLMC G012.5370-00.2619 1.48(0.61) 3.66(0.09) 1.59(0.21) -4.19(0.68) -2.31(0.39) 3.53(0.44) 0/I
77 SSTGLMC G012.5457-00.3492 3.15(0.59) 3.91(0.15) 1.75(0.21) -8.34(1.14) -2.79(1.14) 6.30(0.41) II
78 SSTGLMC G012.5511-00.7343 8.76(0.01) 3.66(0.01) 2.95(0.01) -3.70(0.01) -1.49(0.01) 4.17(0.01) 0/I
79 SSTGLMC G012.5546-00.3441 2.50(1.52) 3.81(0.20) 1.69(0.44) -6.77(2.09) -2.95(1.31) 5.05(1.20) II
80 SSTGLMC G012.5567-00.3507 3.65(0.28) 3.72(0.10) 2.00(0.11) -4.69(1.19) -1.57(0.53) 5.20(0.41) 0/I
81 SSTGLMC G012.5568-00.3255 0.92(0.27) 3.62(0.05) 1.48(0.07) -3.98(0.51) -1.17(0.09) 3.42(0.30) 0/I
82 SSTGLMC G012.5603-00.5526 3.36(0.45) 4.07(0.08) 2.01(0.23) -8.99(0.10) -5.97(0.88) 6.64(0.25) III
83 SSTGLMC G012.5740-00.4642 9.99(0.01) 4.41(0.01) 3.79(0.01) ≤ −9.00 -5.85(0.01) 6.51(0.01) III
84 SSTGLMC G012.5931-00.3788 2.42(0.92) 3.65(0.04) 1.77(0.17) -3.70(0.64) -2.64(0.51) 4.31(0.68) 0/I
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TABLE 6 — Continued
No. GLIMPSE Designation M∗ log(T∗) log(L∗) log( ˙Menv) log(Mdisk) log(Age) Stage
(M⊙) (log(K)) (log(L⊙)) (log(M⊙ yr−1)) (log(M⊙) (log(yr))
85 SSTGLMC G012.5961-00.3931 3.85(0.26) 4.14(0.03) 2.26(0.10) ≤ −9.00 -2.12(0.62) 6.72(0.18) II
86 SSTGLMC G012.5993-00.7147 2.40(0.79) 3.81(0.18) 1.41(0.31) -7.74(1.66) -2.42(0.88) 6.10(0.66) II
87 SSTGLMC G012.6030-00.6490 7.00(0.01) 3.68(0.01) 2.69(0.01) -4.79(0.01) -0.58(0.01) 4.98(0.01) 0/I
89 SSTGLMC G012.6250-00.7071 13.54(5.19) 3.82(0.21) 3.75(0.24) -2.88(0.21) -1.25(0.89) 4.09(0.68) 0/I
90 SSTGLMC G012.6293-00.6434 1.57(0.15) 3.63(0.01) 1.28(0.02) -5.69(0.04) -3.37(0.38) 5.22(0.03) 0/I
91 SSTGLMC G012.6303-00.7119 11.86(1.93) 3.88(0.15) 3.69(0.17) -3.04(0.23) -1.17(0.89) 4.33(0.41) 0/I
92 SSTGLMC G012.6437-00.6625 16.03(0.01) 4.51(0.01) 4.40(0.01) ≤ −9.00 -6.33(0.01) 6.16(0.01) III
93 SSTGLMC G012.6659-00.5813 5.74(0.01) 4.25(0.01) 2.89(0.01) ≤ −9.00 -5.55(0.01) 6.67(0.01) III
94 SSTGLMC G012.6665-00.5085 9.63(0.01) 4.40(0.01) 3.74(0.01) ≤ −9.00 -7.03(0.01) 6.48(0.01) III
96 SSTGLMC G012.7060-00.6418 7.85(0.01) 3.74(0.01) 2.89(0.01) -3.37(0.01) -1.70(0.01) 4.75(0.01) 0/I
97 SSTGLMC G012.7171-00.5947 1.70(1.03) 3.68(0.14) 0.95(0.44) -6.57(1.42) -3.71(1.43) 5.62(0.47) II
98 SSTGLMC G012.7202-00.6177 5.31(0.04) 4.23(0.01) 2.77(0.01) ≤ −9.00 -4.62(0.05) 6.36(0.02) II
99 SSTGLMC G012.7403-00.6483 3.26(0.20) 3.75(0.04) 1.46(0.13) -7.91(1.09) -2.72(0.86) 6.08(0.14) II
TABLE 7
Exciting star candidates
No. GLIMPSE name mJ mH mKs AV MJ MH MKs [J − H]0 [H − Ks]0 Spectral Type
1 SSTGLMC G012.4601-00.6376 10.62 9.98 9.75 7.01 -4.08 -3.97 -3.76 -0.11 -0.21 O7.5-O7
2 SSTGLMC G012.4669-00.5793 10.82 9.77 9.31 10.84 -4.96 -4.85 -4.62 -0.11 -0.22 O5-O4
3 SSTGLMC G012.4684-00.5713 11.54 10.73 10.41 8.60 -3.61 -3.50 -3.27 -0.11 -0.22 O9-O8.5
4 SSTGLMC G012.4743-00.5650 11.47 10.70 10.43 8.22 -3.57 -3.46 -3.21 -0.11 -0.25 O9.5-O8.5
5 SSTGLMC G012.5039-00.5783 11.05 10.26 9.86 8.41 -4.04 -3.93 -3.80 -0.11 -0.13 O7.5-O7
6 SSTGLMC G012.5133-00.5968 15.18 12.64 11.31 24.77 -4.52 -4.41 -4.18 -0.11 -0.23 O6-O5.5
7 SSTGLMC G012.5179-00.5474 11.45 10.73 10.47 7.76 -3.46 -3.35 -3.12 -0.11 -0.23 O9.5-O9
8 SSTGLMC G012.5380-00.6083 11.58 10.73 10.41 8.97 -3.67 -3.56 -3.32 -0.11 -0.25 O9-O8.5
